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np>o>aP kido - i pna 


’mion .inoPD >pKp>o>a -pv Po onnoin moan onno onp>o o>o iipdo 
Po no>o no 3 Din ,1x0 roop ik *tko nPm K>n ,*003 Kin nn n*T»on o*nn> 
Po niprnn Pp oooido ir no’o .ovPKp’O’an on’n>n PdP n3iD3n ,onin’p 

.10 


nnrpp 10 Puj npm mipp 

nniT'p 10 Piu npm niirp 

pico 10" 12 p 

nano 10~ 9 n 

micro 10" 6 /z 

milli 10" 3 m 

centi 10 2 c 

kilo 10 3 k 

mega 10 6 M 

giga 10 9 G 

tera 10 12 T 


•iniKn Kin ir om^’p oo>on nnnn o’ooooo in >PKp’o>a tip ,PooP 
,noo io ~ 2 ono noo’oio-n ,*100 10 3 ano nooiP’p-n o’ooooo 
.mpi poo 10 -6 ono noonp’on poo 10 -3 ono noo>P>o-n 

ni>o>oa m>PKp>o>a nu>n> 1.3.1 
o»PKp>o>9 o’DnpD oopnon n> Pp vmm o»PKp>o>a o’Dnp naoo 
nvPKp>o>an im>n>D mAin onPo nvPKp>o>an nrrnvni o»o>od 
nPon nDio kP wnn noon 1010) .ion noo pniK :on iPk .nvo>onn 

.(noinn mono nop Kino noK 3 o *jdd panoi .nr 

nnmo 01P0 mrpn mnn npODon ni>PKp>o>an im>n>n pko Pd 
> oinn Pd Po ni>PKp’o>an jm>n>n ok nmnP nD) .nvo’onn ni’PKp’o’an 
(.ovo’OD oi>PKp>o’a nn>n> nip nmnP o> np>o»an 

(m) o>PA3Kn oikd 030 ioon poo K>n oPDipon *piKn Jn>n>--piK 
KPn noioKnn nrnnn p ,ooon 7001 no 30 on noon Po nrnnn 
,>3iasn Doipni nnoon ipn i>d pnnon 1/10,000,000 Po n>opna 
noo3 mpon) n3>oPa P’oo Pp ippnso o>P>npo o>iip >30 pn pnnoP 
nrnnn nrnnP *rpi ,(oPipd jivtdpoP ipPin o»p»rto n’poipi onan 
oioko oPa3n 010D >Pnopao ip Po Pa >ddik 1,650,763.63 Po onn 
*1 >dpo n*rip3n .noon Po oirtAnn Pd ok mnrP *p^ i»k .poanp 
Pp oodoio oi>nP nn»n noo OK*ip3n thko o*t>o nnwo K>n niDrP 

.ono’D p*t>o ompn dodkP >*td oopnon Pd 
noo>o 3 on K>n noon Pp oooidoi p*tod o>oio>on oaoo *piK o*r>n» 

.(10~ 2 m) noon o»ko K’no (cm) 

.(gr) oi’PA3Kn oi’oikd oioioon ,onA K>n oPnipon noon on>n> -noo 
0 >K 30 D o>o Po nnK Dpipo noo>o30 Po noon K»n nonnAn 

.o»ont3oo 




np»o>9P *mo - l pio 


K’n oiAn Py noonoi ,5)103 *tko n’oio’on ,113013 noo m>n» 

.(10 3 gr) OIA <pK Kino (kg) OlAlP’pn 

.(sec) ni’PA3Kn ni’niKn nioioon ,noon K’n nPmpon pm n*T’n’ -pt 
.nysioo noo’ Po i/86,400-n noon n*i*tAin pinKn piP *ta> 

’oiok Po n 3 npn Po iimo oot* 9,192,631,770 K’n oi’n n*mnn 

.Ol’OS 

nvbKp’o’a nm»> b\y 1.4 

nvPKp’o’9n nn’n’n mtyn nmAio niooon ni’PKp’0’9n nn’n’n Pn 
:nn>n> Po mo’o ’no iinn3 ni’PKp’O’on nn’n’n non *pnP .nvo’onn 

no’on (Meter,Kilogram,Second) M.K.S. no’o HK*ip3 nnK m*T’n’ no’o 
ni’n’n nooni noon ni’n’n OlAlP’pn ,TiiKn n*t’n’n noon noonoo im 

.(S.I. no’o oa HKip3 n no’o) pm 

(Centimeter,Gram,Second) C.G.S. no’O HK*ip3 noo m*T’n’ no’o 
nooni noon ni’n’n oiAn ,TiiKn ni’n’n *ioo>o3on noonoo im no’on 

.pm ni’n’n 

moK .nn’n’n mo’o ’noo nnKn oononP i’9pnP o’Py P’Ain pirn Pnn 
OiAn OIO’O pn IK ,*100’0301 OIO’OP OlAlP’pn OIO’O pn nni3>P polPnP 
iiiAino noio ni’PKp’O’9 tmmo oononP iiok p ion .noon oio’oP 

.noon no’on nii93n P’Ain pimn nnK no’on 
.mm3 ’oyoo n’oyii n’nwio K’n no’ioo nPKo o’ini9 nn no’on m’nn 
ni .nmtio non umPi nvnn’ Po nnK no’o unnP Kin mi’n ^Poion) 

.(nni’o PinPn A)3io 

Po nrmnn nK pi poi M.K.S. nn’n’n no’on pn *jk oonoi nm ison 

. C.G.S. no’on nn’n’n 

nu>n’ inyo 1.4.1 

nii’n’ nim ii’nynP oonii ,nnK nn’n’ mm y’nio ’PKp’O’9 -py ioko 
nn’n’n oy niopon nnoon nK noom nn>n’n oipon o’n’no ,mnK 

.nioinn 

:Kin noo ’0301 *100 pn no’o nn nopno yii’ ,PooP 
lm = 100 cm ; 1 cm = 10“ 2 m 

: Dio*i3 50 cm Po pn3 onooP 1 ’nynP nn3 ok ,pp 
50cm = 50-lcm = 50-10~ 2 m = 0.5m 

: 010*13 8 m Po pn3 o’loo’oioP 1 ’nynP nmi ok ik 
8m = 8-lm = 8-100 cm = 800 cm 
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o”bNp>o>a o>:ny oy o”\3»n» o»iw»n 1.5 

*Tdy PdP iwhd .jiiniwkq ddnd ddwn d”PNp’t?’ 9 n d’ddyn yi onvpn 
o’Diyn i’d n’\ypn n’oonn nPiy 9 Pd .iPwo n’PAiN din ’Pnp’ 0’9 
,d’d 9 dd 1 >d dP’n nPiy 9 ro>K n\y nym lino n’wyj down d”PNp’t?’ 9 n 
nn>n> ’Pyd d’ddy yi u»n ,d”PNp’t ?’9 d’ddy pd n>o«no nPiy 9 hPn 

.ni’PKp’O’9 

*Tdy PdP nvPAJK nvniN ’aid’s dw in upPain ni’niN ’jw pP vn» 
ndwn hindi ,*i 3 non ’PNp’ 0 ’ 9 n *pyn ino pon nnNn jund .’PNp’ 0’9 
.d’vonvo na Ji’PNp’ 0 ’ 9 n trr’h’n ’no aoN’ (imniNn <)n’s in) 

nvniKD <pa’sa rooipon nd\yn N’n ptn rmnd ,t niKtf pioto pt ,P\yoP 
:auiai nidv 5 Nin prnv aindP risai dN\y 79 .sec JivPAiNn 

A = 5 sec 

PNirirgn yiuP iirpo * t nPNp- , D i 9 iiTir 

mnD 


otoo d”dAioa Ymnvd ,vim>n’ pm ’PNp’t?’9n *rayn pa pnanP ns 

.vni9D3 p’Py aaaP nsaj avma .nvt’n’n aiN’nP 
[t] = sec :ditto nd\y p pr P\y nn’n’rw airtaP nsaj dN ,P\y>dP 

,nn>n> ’Pya d’aay )’a d’aPwd m’PNp’t?’9d niNiwoa O’dW’nnv p’ao 
2 + 2 = 4 :P\y ’oono ’ion PvydP )’N 

2 m + 2 m = 4 m :naisnd 9 ’PNp’t >’9 DKIWd NPN 

dA .mnaP <pua v nNiwoa a’y’9ion d”PNp’t>’ 9 n d’aayPiy maiyn 
.dnd’a nmran nrodjidd mPiy9n>a ppn nPmd ,nn>n’ 


:N>n A.B.C.D.E d”PNp’t>’ 9 n d’aayn pa nawpdn dniwoP nmn 


A = B-C 


+ 


2-D 

E 


him 2-n) E-i ,D d’oaiAn yi piP>ni C-i B d’oaiAn )’a nP9d>o pa w’ 
pa v’ d\y asm ,anN aso (’PNp’t?’9 *py d’Ni aa’Nn jin P 9 ian d9on 

2 -D 

. —p— *id’NP B-C *in>Hn I’d m’n 


?d”PNp>o>9 d’Diy i>d m’Dorid nPiy9d hdk noi inid nd 

pp’nm ^9dn nPiy9 i’di did’nni did’nn nPiy9 yn Pm Pddn \y’\y idnon 

,ddi\y d”PNp’D ’9 d’diy yi 
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o”Pp>o>a a>ana> pa piP>m Paa 1 . 5.1 
piP’nm Papn i>Pnn .o”PKp’o>9 omy po piP’ni Pap Pa> nPoao oi\y pK 
.o”PKp’t?’an oma>n Pv nn’nm Pan mnnon Pa> mam ip nvya 
B = 5 m ; C = 4 sec :n>aa c-i B pp nPapnp ,P\yaP 

:K’n oman nPaaon tK 

B • C = 5 m • 4 sec = 5 • 4 m • sec = 20 m • sec 

(iPwp n>P>3K jiik IP nnP ,o>am ok ,pi’a\y) win ’PKp’on *pa> iaPp’p 

. m-sec on i’nvpn’1 20 K>n imoo\y 

D = 6 m-sec 2 ; E = 2 sec :PY/Qp n’33 OK ,plP’noi 

:kih oman piP’nn tK 

2 • D 2 ■ 6 m • sec 2 2 • 6 m • sec 2 , 

—p— =- t -= 6 m • sec 

E 2 sec 2 sec 

6 K’n imxap\y (iPwp mPaaK hik iP rmP pvav) win ’Pkp’o’9 T 13 ) laPp’p 
*na>n P\y mopn dk nm’\y 2 pqwpp nPsnon . m-sec on vjm’mi 

.i>nn>n» dk kP Ppk ,>PKp>t?’ 9 n 

nnwfl Pan mnoan Pa> pnaaa mwya t>»Pp>t»a d>a*>a> pa piP>m Paa mPiaia 
nPaxa taw nPP ,o»Pp>o>an o>a*iain Pw 

o»Pp>t»a o>ana> pa mo>m ma»n 1.5.2 
pp pn nwa>3 mt»ni mo’n .o’aw o”PKp>o>9 on*ia> nonPi nonP piok 
Ppk t>ikP ,iatP pat nonP nmxa ,’PKp’tna *p3> ijhk P\y now m’uao 

.PwoP ,imP *tpik kP 

*TP Pa> p’apnP vn ,>PKp>t7>9n inyn iniK Pv maw mnop P\y mo’no 
.lomoaoP noo kPi poop pod nonP) mm pi omvn ono’Kn Pw im>n>nw 
nvTW no’\yp onnyn Pp hk p’pynP onnpo ok noPya myon .(PvmP 

.jinK 

.»Pp>o>an *jnyn miin Pv maw m>i»a pa pa mvya mo>m ma>n mPiya 
,o»jw o»Pp>o>a o>a*iy ntrnPi aanP non 

mtnni mo’n Kin ’PKp’tnan *pyn ijiik P\y maw mnoo Pv mo’nm mp’nn 

,nn>n>n »ia>v kPP ,m’iopn P\y own 


2 -D 

nma\y *p ,m-sec Pv m*r>n> ’Pan on -=-- 1 B-C ono’Kn ,i3Kpn\y nrnrn 

h 

:kid Tn>nn (rnppn mown nn>n n> n mnK) onnn 
2 -D 

A = B*C + —= 20 m-sec + 6 m-sec = 26 m• sec 
E 
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np>o>aP *mo - 1 p*ia 


ptan oid’o 

.pti noo ,tiin :nvo>oon ni>PKp’o>an sin'rvn 

*1000 noonoo un no’on - (Meter,Kilogram,Second) M.K.S. no>o 
.pm n*T>n>o noooi noon n*r>n’o o*uiP’po pninn n*T>n>o 

noonoo IT'D no’on - (Centimeter, Gram, Second) C.G.S. no’o 
.pm n*T>n>o noooi noon n*r>n»o ooao ,*piKn nmn’o noo’oioo 

nn>n>n Vyi ninoan *y *naio n>oyi a>>bp>o>a a>aoy i»a pi*»m Paa mPya 

.n*OA» mv kW ,o»^p>o>an o>aoyn 'yv 

.»*p>o>an *pyn win Po niAio ninoa i»a pi moyA oiowi *na>n niPya 

,o»aio o»*p»o>a o>a*iy oonP oanb oiok 


nfiKV 

nibN\y 

?’)?Np>o’a ii’kw *py)> >l7Np’0’a *py i>o no .1 
?nvPHp>t»a nmn’o -pis o’ yno .2 

7m>o’oon nvPKp’o’an nn»n>n po .3 

7np>0’90 niAimn nn>nw mo’o wo po A 
?o»PHp’o’a o’oiy nowi nowo nPoion ’no .5 
?o»PKp>t»a d’ooy piPni P 990 nPoion ’no .6 
?ttoa Kin im>n> no>o ir>KO m 2 /sec Po jivtw >PKp’o>3 *pyp .7 
?nuio ni’PKp>ow im>n> *1900 mwP niPio’ >PKp’o>a *pyP okh .8 
:o”PKp>o>an o’ooyn ono ,nKon oooyn no>o*i poo .9 
nmn i hk nomy .n niimo ,*t >oip .a tna .o Ppoo .k 

miopn nvpn> p niKon nn>n>n poo nmn’ iP>k .10 

m-sec 2 (V) m 2 -cm (IV) — (III) — (II) m-kg (I) 

c or r>rr\ 


m 2 -— (VIII) ^.-sec 3 (VII) (VI) 

gr kg cm 2 

?o*iaoi *1000 on nPo ooinwo nPKo pimo moyP ins no .11 
7*10001 *iooiP>po on nPo oowino nPKo porno moyP *j>*io no .12 
?o*iAiP>poi nooo on nPo ooinino nPKo p*W90 moyP *p*i2 no .13 
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np>o>aP Niao - 1 pna 


nvaw’n iiibNNy 

:o’Nin o’Pnino tpik Pdp v noo nop .1 

3- 10~ 2 cm (V) 0.4mm (IV) 0.5cm (III) 20km (II) 30cm (I) 

740 sec-3 W’ msec nop .2 
71 m -D cm nop K .3 
71 m 2 3 W’ cm 2 HDD .a 
71 m 3 3 W> cm 3 nop .A 

A = 4m;B = 3m;C = 5 sec :0’KPn o»PKp’t?’on O’pnyn OOUO .4 

:o>Kin o»io>pn dk >/a\yr> 

^ (VI frgj (V ^ (IV B 3 (III A-C(II A-B (I 

ID’KPn 0”PKp’t»3n D’P71>n ooim .5 

A = 40 cm ; B = 2 m ; C = 50 mm ; D = 0.002 km ; E = 2000 //m 

:o>Kpn o’no’in jik vn\yn 

A-B-C-D(V ^ + A (IV C - E (III D + B (II A + B (I 

: 0 ’Nin 0 ”PKp’t?’ 2 n O’PPim O’llJU .6 

A = 2 m 2 ; B = 4 sec ;C = 5m;D = 2kg;E = 30cm 

imoi m>m .om>K o>9n>s noon 

:nK^mn dk 

^•D + D-C (V B-C + | (IV A + E 2 (III B + C (II A + E (I 
2 

A = 4 — ; B = 8 ; C = 2 m ; D = 5 sec :0>KPn D>P71>n OOIM .7 

sec sec 2 

C A 

?nN3inn nm noP ,p ok np>Kno ^ 7p>Kn jik ntmp nmo oKn 

.A = 5 m/sec :Nin A *pyn .8 

^ (III) ~ (II) ~ (I) :P rinwn iw >/*i’pyn .k 

hr sec sec 

.r>>ip’n n*r>n> k>d po >o /k-p nn»n>n p nnK Pa >paP .p 

B = 30 m-sec :Kin B Pw -pl>n .9 
km-hr (III) m-hr (II) cm-sec (I) :P nVPfPfi UK VP’ayn .K 
.nopm nnnv k>d po >o ,’k-p nn'irn p nnK Pp >paP o/pu .p 

F = 20 :F *pyn 7701 M.K.S. rm>n>n no>vp .10 

sec 2 

7 C.G.S. nrpron no>\yp F P\y iPtn n>n> no 
W = 2 C - ~ 2 c ' 2 gr :W *pyn mol C.G.S. Jivprvn no’\yp .11 

? M.K.S. im>n>n Jionyp W P\y iP7U n>n> no 
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np> t?>9b »mo - l pn a 


0.5cm = 5-l(r 3 m (III) 20km = 2• 10 4 m (II) 30cm = 0.3m (I) .1 

3 • 10~ 2 cm = 3 • 10~ 4 m (V) 0.4mm = 4• 10~ 4 m (IV) 

40 sec = 4-10 4 msec .2 

1 m 3 = 1 • 10 6 cm 3 .A lm 2 =l'10 4 cm 2 .1 lm = 10 2 cm.N .3 

B 3 = 27m 3 (III) A-C = 20m-sec (II) A-B = 12m 2 (I) A 

i = 0 - 25 5i < VI > t¥ = 0 - 59 ?r (v > tt = 3 - 75sk (iv) 

C - E = 0.048m (III) D + B = 4m(II) A + B = 2.4m (I) .5 


A-B - C-D = 0.7m 2 (V) ^ + A = 0.402m (IV) 

aanb ppi Kb pbi m b\y imrnn kid e-i m 2 b\y nn>n>a Kin A (I) .6 

.on’i’a 

nanb in’i Kb pbi m bv nnnvn Kin C-i sec bw ni*r>n>a Kin B (II) 

.ono’a 

A + E 2 = 2m 2 + 0.09m 2 = 2.09m 2 (III) 

E m 

o’na’Kn >i\y 'rv nn’nm B-C = 20sec*m ~ = 0.15:— (IV) 

D kg 

.on’i’a nanb p>j Nb pbi rmi\y p 
^•D + D-C = 13.33 m-kg + 10 m-kg = 23.33 m- kg (V) 

non!? p>i Kb pbi nmw nvr’nm ^ = o.5m-sec ; § = 0-4~. 

.mo m ona’Kn jik 

A =18 ^ (III) A = 5-10- 3 — (II) A = 5-10 2 ^ (I) .* .8 

hr sec sec 

C.G.S. nn*n>n no’Y> >9b cm/sec -1 M.K.S. novy ’9b m/sec .a 

B=8.33-10“ 3 m , hr(II) B=3• 10 3 cm-sec(I) .K .9 

B = 8.33 • 10~ 6 km - hr (III) 

C.G.S. nii’n’n no’\y >9b cm-sec-1 M.K.S. no’v’9bm-sec .a 


W = 2-10- 7 


m 2 -kg 

sec 2 


.11 


F = 2-10 6 C - m ‘f r .10 
seer 
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omopii - 2 pas 


2 p*l3 

onwpii 

Niao 2.1 

o’yapAn oaay naira o’PpnA onAK ,oaoa np’oaai ,PPaa oi’nvn ”na 
iPk oaay .mv/Pa n’Pp>t >’9 na’na naanAn ,aaPa anina >a> Py 1 ’oiPnP 

.onPpo owapA 

na>n> natya nKOiann ,aaPa wioa n> Py yipjn >Pp>o>3 lay - aPpo 

,»noPa n>Pp>©>3 

navya nmna dn KiapP poo ,<iia Po naioaonon Py aionA ,nnAiaa 
nna amp paono ,<iia Po nsnn ik .amp nniK i” 9 KP *pai ,oin-an 
.’iai ,iiyon nK’np >a> Py pa yapAn yarn ik , 02 m Kin p”no 

hk nnP na npaon kP aaPa onina Po nyapo o”Pp>oa oaay o’ ,PaK 
da ninaP <)wia o’pipt nPK oaay .onaAP numn n’^naaA’Kn Pa 

.omopii o’KapA iPk oaay .oaiva ny>apa 

na>n> narya nNoiann ,M>iaa >*r> Py yapjn >Pp»o>o *py - aiopn 
.mva >a> Pyi pnoPa n>Pp>o>3 

anK PaP o>o nAana yAaa p 9 noA .nan K>n aiopiiP anna nsi 9 An nmian 
o>o iokao nra iPo mopon > 9 iKn dk ooaAi ,nian aoid ’aAP on’Kn 
< 1 iA iniK hk *j\yinn nno nnyiya ma yap ,na’yn <iia *r\ymn na i>a Paan 

.nan Po pian PPAa pa nAio nKmnn .nPyn aPa 
’a’ya PaK pina iniKa *romn naP ,<iia raana *yoinn na pa Paan da o’) 
Paann oPynA iaoak PaK ,nan Po nPiyon ip PPAa pa nAio nKSinn ,<iiAn 
. (°|iA aia’oP o’naiAn o’oAnina pioy’o 18 panP ay nr 

:nQoiA noAia Py PanoA aiopn 1 ’aP aPpo i»a Paann hk yanP na 
kuai ,*pan an jik oqka .aaan aayo iaan jik aamn ,*pa an o> aaaa 
p pnann inn .aoniP’p 10 oaayo -jaan an nKi’ aoKa .aaaa ny’OAP 

?iaku’ na naipAn 

ipa inrn Pa oyoA dk .nyonn Po yAa Paa ,oyoA no iivaa pina nPn nr 
o’KsnA iaoako pn> PaK ,nK>y>n naipAn aoniP’p 10 lAnAK >an a\y> 
.nanK naipAaPPaa iadakv; ik ,n>PK mtn >a nK»y>n naipAa 
aoin i>aP paan an nKaniy aoniP’p 10 Pw npnann nKyinn i>a Paann 
>aPpo Pan i>a Paann in yaiA ,Kyinn naipAn pnann inn nPKwP nawnn 

.aiopn Paul 

•inaP a op kPP aaPa nmna >a’ Py nA’aiKn K’m aPpo K>n *jaan 

_ 9 _ 



omopii - 2 pna 


.moon Py <iom 111m nPnn mopn hid K^ion nmpio pnnon 
”ra Knpny pnno) pin ksoi ra nmpiP Kmon nmpio pmono iivdo 
. pnyn - 1P00 oo Pi’p Kin np’om >oio>\y (nniK pnno ononn 

pan ksoj na nmpini Ksnon mipj i>a pnnon - pnyn 

A nmpin 10 pnyio pa ok ,PooP 
1>i pnnon Kin D pnynn ,B nnipiP 
non Kin 01101 (■/ 6 2 + 8 2 = 10 ) nvnpin 

. 37 ° Piy 

Pk pan y>an no *rnnP *iop kPP ,nKn 

.nnipin 

my .nsiKni mmno ,PooP on pnym nop <iom omopiip moon niKoan 
mon JiK>*ip *jPnoo noi onnK oon o”mopn o>Pta 
jiikP Pyo (11101 Piw PPon) mopn Ptia Py namo oya Pai 

no ,F :PooP , (niopnn pioP nop kPP) i>o> iiion )op ^n ,miK roooon 

.poona niopnn yno jik nnpp ony oP mai-np 

F = (F niopnn Po Pman) :^nn kPP poi niopnn Po Piun hk 



jjnunn mupn : 2.1 tps 


niOpll 2.2 

A nmpio nynnno nKm 2.1 mm m»so niopnn Py Pnnon mtm ok 
K npio ’paiKn nm onys 8 Po nyon .now my on >noo nanmo B nmpjp 
.y-n ms iP Knpio oiKn nm onys 6 -i ,x-n ms ip 

D y =6 :y non D x =8 :x non ,ooon oo o> D pnynn mopiiPo pp noKi 



o»n oko ,K»n ooonn niyooo 
inn , i>n>o*i own niopnn hk o>a>Pno 
.nm- nKSin o>Pnpo 
nm nnPP nnin n>n ino>o oko nm) 
iPin n>n Kin ,y-n nm in nnKi x~n 
A-o no> ipn noKO nno nnoK pt 
ipn Kin .'tit o>k pnynn PnK ,B-P 
(.onon nmpn nK>s>n n*tipi io no>n 


mupn omn : 2.2 ms 


nKo on ,x-n nm a nnnn K^oin A mopn Py Pnnoi ok ,>PPn piKo 
ono n’livn n\y> oPiooo mPnnono k^joi ,o>n>iin >ia Py niopnn P\y no’nn 

.niopnn oy omn 


-io- 


nmopii - 2 pna 


,A insy mopnn io id*iio amw na-o ’in ,PQR v^wnn by banco oa 


:)aao .Ay amb ib-nxa mwn >w>b\y mopiioi ,A X ib\y x-n amn 



A (A x ,Ay) :am i»a>an oy mopnn na manon na>m n*m 

D (8,6) :ainab n»n myaa 2.2 mm umm nmmw ia 


bin) losy rnopiin na ono aisnb po mopn bv> vam o>yn>i nmoa 
nmya x-n mso pnan nai ,o*mn’a oaira nmya asoi rnopiin b*m na 


:n>mn cojoo 


A = yA x + Ay 


tg(a) 



6 ibtm> F mopn bw ram ono 
F=6 ? x n msb 30° uinai 


K2.4 TPS 


F x - F• cos(a) ill!• cos(30°) * 5.2 :2.1 na 1WKD oonvo 

F y j F-sin(rt) - 6-sin(30°) fi: 3 | 

na o>a>bno uaiiov o>a»ann m>) 
j? myoQ yio’nb im .uasy mopnn 

y o’a>oion on>obn naan bsa nsiaa 

y // \ | o>aono ,mopnb o>a>am na 

/a 300 ^ > x (,ti»»ya mia 

F y na>nab nmnpon na>nan mm 

'02 4 nvs F f5 - 2 ' 3) :^nai ,o>am 


liana 
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omopii - 2 p39 



? 6 3 Ill 34 - 3 mw i3v x - n 3>33\y D mopnn mo : m nmn 


2.2 nNiwo3 \ynnwi 


3>33n mo .yp3pno 20° imira \y”op 200 nnmoa k> 30Q oioo nmn 


Ax = 200 cos(20°) 
Ay = 200 sin(20°) 


Kin ’pawn 3>3nn 
:Kin >33Kn 3>3nn 


t fimii 


jm>nQ3 *iw> ip3 niroim noi30o 
3HD nn’sn Ji’p9iK paw wop 90 
ninmo >no .wap io niamo3 
Kin J101303 Jl’IU 1WK31 nnsn 


2.7 ars 

’iw .npnrn pa oav noiaon nyuno oa mama 33po anan 
fiK KU03 .amn 3\y niamon aiopii 3v i>3>33 p moamon 
3\y nimnn pi>3 i>33 o>3 6 noun hki ,m niamon aiopii 

.noiaon 

M = v 90 2 + 10 2 = >»op 90.55 






























































































































































































































































































































































































Q>*HOp11 - 2 p*l9 


? 6 'J y n 3’3*11 4-P niw iPv x 

D = \/Dx + Dy — %/4 2 + 6 2 - 7.2 
tg(o) = = | = 1.5 => a = 56:3° 


n 3>3*w D nopiw mo 


:2.2 nKiwo3 wonwi 




3 > 3 *in in» .ypipnn 20° n>mi vrop 200 nwno3 Knoo oioa 

?iim’no Piy >33Kn 3>3*in mm >p9iKn 


Kin 'P91KP 3>D*in 
:Kin >3iKn 3>3m 


*i\y> ipi nyoun h’iidqo 
im n*r>sn n>psiK p*iw v»op 90 
nivnn >no .wop 10 im>nm 
Kin nnipop n>m mK3i iran 

?p*itt 


irnp io 


2.7 TPS 

>m> .npni-n ya on Ji’irnn nvwno ox nn>no l73p» nmn 
hk K*m .iron Pv nnmon niopn V3>3i p mm>non 
P\y mmnn jwd o nnnn jiki ,m nn>nonmopn 

.ji’iipon 

M = v'90 2 + 10 2 = \y»op 90.55 
tg W = Jg = o.ll > 0 = 6.34° 



:>S rimn 

ipiifl 

IIAM1 


:^r nmn 


:) nr& 
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omopii - 2 p~i a 


oooiNon on>^ ow by ni>nb n»n ion vn>n*i owb nopii bw pwon 
Nin pn»9n\y ,ptn Nm *rabJ )n>byw ,nm>o w> o’oyab .namb o’b’npoi 

.(rmb nt o>njiNQ *pon) onnn ow by 
roion by o’byian nininn bw o>n>nnb pn>an n>n *ini>a nobinn nmnn 

.yawo *n\y>o N*ipn ns:nb n>mn >ioin nowo by 



K 2.8 TPS 

mw’on by noon <inn by o’byian mmnn nn p*isb nmno nvnwoN >nw w> 

.yswon 

now on*s ronyoi (’H imwQN) namb nmiNoi nb>npo hdn on>n nnnyo 
Kpm inni onp’Dn ira .(’n hviwqn) y9iwon mw’ob nnoNoi nb’npo 

.^un yo> vbNw iii>nn inf >o ’n nnwsmn 



a nrnu9N \ - 2 2 8 nrs | 'n rmu)9N 


by nmnn bnnto .onp’on own now nmn »nwn p*ii9> nopnn iniK 

.a innnw y<nwon iiw>ob /? noim bymn F niopn 



own o>wmiwn voipom F mopiin jik o>bonn o>n*rrn >nwn hon bnn 
.ooiw on mopnn bw oomn mw>n imw9N bnnw p*i ,vn>nn 
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omopn - 2 pia 


om\?pu m’n 2.3 

1’Pnn kid omopn mi’n ,ow 9 ’oono mi’n Kino onPpo mm 

.inn mini *11100 
inn )i>yi riK I’inP inm nowan *pin 
.pnynn *nopn nityi K>n omopnn 
a 1 ono’ o’yop >101 y 3 n <111 Py Pmo 3 
mopii >i> Py iKinn onto *tnK Pi , l 2 -i 
nmon nKmnn ,i3”n ,onPo ni’nn 
.a nopiin Kin ,o’yopn 00 mKP 
ik) omopn >30 Po 00110 Kino niopn 
pnun Trap'll na’n : 2.9 tps .Plpon HOplin Klp 3 (ini’ 



a = aj + a 2 : 01013 O’llOpll ’30 Po 111’n into )11’10 

a = a 1 + a 2 :’io’in oy P 11 P 10 inr’nP *ym 

,oioa ni’ni o’nPpo o’Pn oo uno Kin ’i I’oiPnP n3io oon oo’in 
Po )ii’in ok )iioni npiPn niopn ni’n Kin iioKin ni’nn iP’ki 

.(omnn pPi) omopnn 
?oniopiin oo ni’n Po nKsinn nPipno *pK 
.I’l’iiP omopnno inK Pi piQ3 
*p 2-i iOA3i O- i P’nno ai Po x-n imo o’kh 1303k 2.9 im nityi 
.3 iPmo *ji ,3-i ioA3i o-i P’nno y-n mu ,2 iP*mo 
inn ,8 iPino -ji lo-i 1QA31 2-1 P’nno a 2 Po x-n im ,nnun nniKi 

.2 iPnxo *ii ,5-i ioA3i 3-i P’nno y-n 
aix = 2 ; aiy = 3 :on I’l’lio li HOpll )’l lll’n 13’33P 

a 2X = 8 ; a 2y = 2 :on 1’1’HO a 2 HOpIlP 

a 2 = a 2 (8,2) a t = li(2,3) :niinK O’P’Ol IK 


,ii’nn ’aPo ,1 Pipon nopiin Pipno omopnn oo i’i ni’nno nKmni 

a = 1(10,5) :on I’l’ll 

:omopnn Po y-i x ’i’ii Po *ti <331 ni’no nKUini Pipnn m nopn 

a (a x ,ay) = ai(2,3) + 1 2 (8,2) = a (2 + 8,3+2) = 1(10,5) 



oi3Dn nn lipuin un : 2.10 tps 
min ni’n Pui 


Po I’i’ii nK’noP iimo nioiK nKt 
Po ,iia 3 i ,ni’n K’n Pipon nopiin 
omopnn Pi Po y-n ’inn x-n ’im 

■onnnon 

inn omopnn Po x-n >i>n Pi ni’n 
ni’ni ,Pipon nopiin Po x-n i’ii nK 
i’n nK )no omopnn Po y-n >i>n Pi 
.Pipon nopiin Po y 
ok ,no’nP oa aniline ”iii’n” nP’m) 
(.-pan Kin o’l’nn )ii’i 
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omopii - 2 pm 

imy -nopnn nx xmi 7 max 7 ipwn nopnn oon nx iixsniy mxP 

a = V'10 2 + 5 2 = 11.18 :2.2 nxiWO 

tg(a) = ^ = 0.5 => a = 26.56° 

.mown noon >n\y nxm .owsn \hi inx’nv o’pnynn nmnn Pnnoi ox 

.omopii oo to nmnP niamoan noon ]n\y 

.omopnn *nn>n ytoP myoon i>x .1 
A + B = B + A 

ox moo xP ,o*np inx>nw nmm) 

■p *inxi ai yopn o*np 7inn o*rxn 
xin mpo too .T9>nn ix ,a 2 yopn 
(oipon inixP yo> 

ni^n iid '? muniun :'N 2.11 irs 
imupn 

A 

irt'upn irnxv □’•mupnn :'i 2 .ll ivs 

^lpiun Nin njiDD^Niii 

omopii oo vn nt>x .pnyn mopn oo onono 7>x ii>x*i vvoy ty 

n>n pnynno Pttti nr .poxm 7 \y "oxtP -aino n»n ov/n Po ’ojr’no 

'jv ”\yxT’n) n*npin nmxo pnyn 79 *inxi B-P A rmpjo pnyno omo 

.C mipit? tyi (own tw ’oir'm poxin mopim 

>nm .omopii m’nt? niioQx my v> 

,F 2 -1 Fi omopii 00 nnoaxn 

>npo ix ,nmpin nmxo onoo o>xm>n 

.nmpin nmxn oonm ontny ntnyan 

0110 nmn 00010 ox , 7 \yoP mip *mn 

.noor 10 ,0010 00110 00P nino 
n’Z'iusn mpa. oompu otu : 2.12 nm Q ^ 3> Qn >nrt m 90 o _ 3 on 

.mipjn .mm d’uudj unto . (n rt> nr >noto n>mn m>nt> OA 

omopnno nipon 10 toon pxo nxm 02.11 noa ionon mm ox 

.nmpin nmxo o>xm onooo ix /oirP ”ox*i” onmno 

7 o npooon nr nipan oio 73 mOopan nmx ntopno onpmn ood 

.nnr x>n omopnn o\y nio’n 



on omopnnw n>^opo n>o!7 p’3 .2 

n^v o’iio97xn tnxi ,n^v niy^n 
.t7ipv;n nopim xin 
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dnwpn - 2 pna 


.(omopii Npm iNb) ’bba piNa omopn nia’n b\y no’vn dk nNm 


:omopii nn>na d>abvn 
.o>in)pivi ma>n *py> dnnryav ,d>aiiNO dn>s dnma .1 
va>anb ,d>vsna *rr>N by N*dJ Nbw d>niopnn» *mx ba d>pna» .2 

.d>*)>sn >jv by pn dniopii v> nr abv nnxb 
,tnaja dn>sn >ivo ■kin ba by ,dmopiin b v d>a>ann an dnano .3 

.b )pvn mopiin >a>an m d>KSioi 

.(livai bnn) bipvn mopun jin d>Nsio bipvn niopiin >a>anoo A 


:Nin C bipv -nopiib B-i A omopii o\y b\y ma>n ,nnom niN’na 


C(Cx,Cy) - A(Ax,Ay) + B(B x ,By) - C(Ax+Bx,A y+By) 


(2.3) 



B=S oniopnn >iv bv/ bipvn mopim ino :’h noAn 
?>N2.13 w o>y><mn § - 1 A 

mt—' 


n’mupm Turn :n 2.13 it's 


:omopiino nnN ba >a>aa m Mw> )WNn abwa :yn«a 

Ax =. A-cos(tt) -4-cos(60°) -2 Ay=Asin(a) = 4-sin(60°) = 3.46 
B x = B* cos (a) = 5-cos(30°) =4.3 By = Bsin(«) = 5-sin(30°) = 2.5 


asmo'Nffi) uwn nrn abvn nnNb 
o’mpon oniopun >Sw otpoav 
ba by g»3v .omopn nya-m ub 

. V :nn* 



mopnn »3>3i dk nam ,>iwi abva 

trama jirra - '3213 "tps BN N)SB^ HD ,11311 TO baa 

Iptav bipvn aiopnn bv o>a>aan 

:#-f M: irC-a;:: 

Cx = Ax + Bx = 2+ 4.3 = 6.3 Cy = Ay + By = 3.46 + 2.5 = 5.96 

:nm>n na>nan Jniaa in 
C(Cx.Cy) = A (2.3.36) + 6(4.3.2.5) = 

= £(2 + 4.3,3.46+2. 5) =£(6 3,5.96) 
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omopn - 2 pna 



*nsm ms Pdd oo’Dnn -mm nnKP 
ism imiK ,Pipon mopim >n>DnP 
Pd Py -tok ,omopii oo up o> nw 


Dipom Ttujmn ’3’31 : '32.13 it*s 


mono louy Pipon mopim jin kso 3 »o>Pon nPon 

:Kin Pipon mopim Pm 

C=8.67.^ r = \'Tv + r?. 


Kin x-n mso W® 


mupnfi Pipuin 2.13 ivs 



mniDn noiPo Po pipon niDn mo : *a nmvr 

nam Py n»p9iK o>Pyion a.b.c 
? ’K2.14 moa o>ymioni 
(niDn nnm>P on’Mu kP) 


omopnno *rnK Pd pnaj >h aPoa 

.1>D»D*lP 


N2.14 irs 


: A mopim oy Pmiu 

A x = 5*cos(30°) - 4.33 ; Ay = 5-sin(30°) = 2 5 

1WK*m y>ana o’ksoi kPv omopnp tm>mnP jivvwqk >iw 
x-n mso onPw n>mn jik *moP Km ’K nmoK (B,C) 

, 140 ° ,PooP ,B mopim Po n>mn nmn oPo nnpoa iki >aimn 
o) awmno nim\y> Paprni >P>P\y Kin iPo x-n a>an\y nnaiyni 

,(>P>Po naoo Kin cos(140°) 
i>Pk Dnpn muno mopim >d’dd jik aonP Km ’D ninoaK 
noma nnai .niopnn kuoi id yrann >aP yornn jik <)»omPi 

•niivmnn mnosKa nPo 

B x = 5-cos(140°) = -3.83 ; By = 5-sin(140°) = 3.21 


C x = 6*cos(315°) = 4.24 ; Cy = 6-Sin{315°) =-4.24 
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omopii - 2 p79 



ma PmnP )t\n mnmn iwPv dipo3Y> K>n nxsim myovo 

. X-n 7>HO 20.16° 'J'O 11V32 4.96 3W 371A3 7DK 


omopim nvPv iv y-m x-n nnrjiK 77933 73 m ’3 3Pv3 

.5 3 ptov 3ipwn rnopiin i3»33 nK Humi 

D x = A x + B x + C x = 4.33 + (-3.83) + 4.24 = 4.74 
Dy = Ay + By + Cy = 2.5 + 3.21 + (-4.24) = 1.47 

.i>3>370 msy mopvm n« ksoi 'x 3Pvn 

D = \/Dx + Dy = V4.74 2 + 1.47 2 = 4.96 
'*<«> ■ K - OT * °- 367 

D=4.96 
=20.16° 


noAm mnmn tvoMfr <pi33 pmnP w>v ’ymn nmn mo : *x nom 

Tonyawn im bo3P >73 ,no7ipn 


mnmn n\ypw Pw Pipwn nmm (£) >y>37n nmn di3t?n r^nna 

.ookP mw m>m ins (6) oowmn 
mnmn mnPv jik o9K>v mopnnw 7m ,n>3>o>Kio3>K m’mo 
.lii >33 719 m PtW 3 on!ny PipwP mw mmPim 
,tpo fiiw nm> omopn m> 'tv omtw >73 ,nPo 739 mm 
oqnP mw mm3 fh >3 333 d> 3 > 37 n omo 7 m 
Ex + Dx - 0 > Ex = ~Dx = -4.74 

Ey + Dy 0 =4lEy = -Dy = 1.47 I 

E - \j (-4.74) 2 + (-1.47) 2 

tgCO =g||| § 200.16° 

f. 1 200.16° 


E=4.96^ 

'32.14 7VX 


= 4.96 :Km mopfjfi 37tt p3i 


i(i80° mom 7nK3) Km })i>3m 

1 

I D=4.96 

5=20.16° 



► x 
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omopn - 2 pis 



1193 plot? ni9io iai\nrw id \y”op 200 immoD oo oion 
50 'yv ni*i>noD ,(mmb D7i>ao nni'Dw nn) npniio nn ,D7i>» 
moon in idw iii’dd inn itnPonn htop> oioab na7U v>"op 

?nnn ni> 9 vn opy 


7 noin 


N2.15 TPS 

moon ni7>no 'yv tnpwn Kin ,(T) Imn tnonn m inv pvDn 

.(R) nnn nmna 'ym ,(&) 

f = iCi + S 

DflDl 0’7>3n t\H ,D>D>DDtl O’ODIAD >1V 'TV JlVVl'non UK ,7791 

.0177/V>931 DHIO/mW »111»DD 
:oionn nn>nn >d>D7 
M x = 200-cos(135°) = v>”0p(-141.4) 

lias My = 200‘sinClSS 0 ) = w”opl41.4 

M irran * rnm pi’DD K>n nnn jm’nnv iii’dd 

V :o>D’D7> rmiK p79> 7713 i>h 

\ Rx - 50 : Rv = 0 


:on (T) m>i7>non tnpv >d>d 7 
50 + (-141.4) = v”Op -91.4 

0 + 141.4 = v”Op 141.4 

:Kin n^ipwn nminn ym 


:Kin niii’Di 

141 4 

tg(cx) = I 9 J '4 = -1.548 > a = 122.8° 

omnn niDwn pii mn ownn >d -57 2° inn ownnn nw’nn) 
< 1 >oin> 7>73 m mpmip ,7i’3n mm u>Vyi ±90° 'yv 

(nownt? 180° 
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omopii - 2 p*ia 



oo oionno K>n nKnnn niynon 
168.4 Pv iiPmoa ypnpp on^ 
ii”n ,n*irnn)o 122 . 8 ° iiipn \y”np 
,njw nmPi oiasnn namo 32.8° 
lav oipono o”p 168.4 n>n> 

.pp o*np nyo nm 

♦ min 


XZ. 15 TPS 


tmwpn wn 2.4 

.np>o>aa n’oio’iy n)?iya K>n omopii *no>n 'pv n)7iyan da 
noKa ,nrl? onp nr o>an >iv 'po ji>on> nmno aw’na Kin ^iajn \yio>on 
nanma *tkPj *p tpi) onop ninnnon itnan K>n onnp n’on>n nmnon 

.(5 pnaa 

.oniopn onono na *p*Tn jik >tPa piKa tpoj 
osya Kin B nopnn A iiopn Pv mono Kin aiomn Pv ’o’oan ]i>inn 
B - A = B + (-A) :A mopiin Pv painn mopiin Pv ma>nn 
1 ii>aP 180° ijiipi mopiin P^xP nnr P*mo mopn Kin pain mopn 
pp*P oiona opian painn mopiin ppt .(’K2.16 up) mpon mopinn 

. -A (-Ax,-Ay) HJ013P A (Ax,Ay) : mpon mopiin 





:Kan mpn p ipj omopii mom Pv nmpn jnyooon jik 
nopno a,b,c omopii noPo )pjioj 
:K in onpp omao oojko 

A + B = C 

o»pJio rK nrn mypn d”pJio ok ,)pk 

:*iopn m 

B = c - A 

l>a unann Kin B mopnno maiyn jik 
■ pa niKpp pin A mopiP C mopiin 
-A mopiin jik C mopiP nani oko 
.§ nopnn jik Papj 
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omopii - 2 pia 


urn* nawo min nawP onn w”op 4 nmnoa inn now nno 
ninno >no .w”dp 2 N’n inn d>on nonr nn>no .now nawP 

?inn d>oP onn ni>on 


i 


W”Op 4 


% 


W”Op 2 


'N2.17 IT’S 


S = M - N 


:pp 


<N) mjn Jinna 


:on ooinin 

M x =0 ; My = w”Op 4 
Nx - W”Qp 2 ; N y — 0 


Sx = M x - Nx = 0-2 =: w”Op -2 
Sy = My - Ny = 4 - 0 = \y”op 4 

S = \ §x + Sy = V (“2 ) 2 + 4 2 = w”Op 4.47 



'12.17 IT’S 


tg(«) 


a = 116.6° 


:n»Avr 


Pw nomnon ono N>n (M) min nawP onn ni’on nn>no 
.(N) min nnmoi ,(S) mn onn ni»on 

ivi = s + ft 


awno onn awnow pioo oixion Pw nNainP 180° uaom aiw) 

(90° iv pi w>m 

noioin hh nvon mao naw n»wnw N>n nNmnn Pw myowon 
.ni’o Pw nioipnnnn pioo nPnnw 26.6° N>n 


:pma 


onbpoi onwpn ya mbaao 2.5 

Pia> ,ooiw o»PNp>o>a oniy in no>m m>n ,aiipn piano mo 
Pia> piP>ni Paa Pa* ,’PNp>o>a *riy m Pw nmoa >nw in pi mwy>nP 

.omy ow Pa in mwy>nP 
omopii oniy in niPaao Pw onp>on Pa jin onaio o’Nan o>PPan 

ronPpo onoiyi 
.iPpo N»n onPpo >jw pa nPaao 
>npon nopnn pm nw unnw nopii N>n nopiiP iPpo pa nPaao 
.(naon on>a) iPpo in nopii nvnP nPia> omopn >iw pa nPaao 
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onwpii - 2 paa 


P*12D OID’tJ 

natya jiNdiaon ,aaba wiioa >a> by yapid >bNp>o>a - abpd .1 

,>nvba fi>bNp>o>a n*r>n> 

jmya imoiaon ,w>iaa n> by yapin >bNp>o>a *py - aiopii .2 
uiva >a> byi ,>;wba a>bNp>o>a na>n> 

: A x ,Ay d>a>aa >3vb paab in>i A aiopii ba .3 


A x = A •cos(o') 
Ay = A -sinCa) 


:N»n a>a>aan na>nan aais avma 

A=A(A X , A y ) 


:mvi may aiopiini aiopun >a>aa i>a avpn .4 


=VaI" 


.2 
+ Ay 


tg(a) 


Ay 

A x 


:d>aiopii aia>na d>abvn .5 

.dmopnn aia>d *py> dimyav ,d>aiu<» d>a>y >iv d>ania n 
, a>a>ydo tnN by nsoj Nbv d>aiopiin» ann ba d>paao .a 
,d>a>yn >iv by pa dmopii v> nt abv anNb va>aab 
,d>a>sd »ivo anN ba by ,d>aiopiin bv d>a>aan an d>aan» a 

.bipvn aiopnn >a>aa nn d>NSioi 

.(pvai b*m) bipvd awpiid an d>Nsio bipwn aiopnn >a>aa»» .a 

C = A + B ==> C(Cx,Cy) = A(Ax,Ay) + B(Bx,By) 

= C(Ax+Bx, Ay + By) 


:>aamn aiopnn ma>n Kin d>mopii mo>n .6 


B - A = B + (-A) 


.abpo K»n o>abpo >io yn nbaao .7 
.>aipon aiopnn iina Nin mnao mopn N>n mopiib abpo i>5 nbaao 
abpo in aiopii nvnb nbia> amopii >io i> a Tibaad 
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0»310p11 - 2 P‘19 


ono»o nvibwa onwpn - ’n nao: 

310p1in DK pP 13p3’9 ,31\y>03 pi’3 P O’O P71A3 310p1in DM p393 133K»D 
131 dPiy kid o»n unjK 13 dPiyn ,P3K .y-n 3»33i ,x-n 3»33 :i’3»33 »3oP 
,n*iinK/nonp) d’3ii»3 noPoP yrP Pi3’ pP .nnno Po ono»o noPo 
.310103 d’jiip ’3oP p*i kPi (nooP/nPyoP ,nPKOo/n3i>3» 
.z 3»33i y 313*1 ,x 3»33 :0’3’33 noPo o’ 3iopnP 



hidTjuji mupn :2.18 tps 
o-’Trrn 


:OHO>Q noP03 R »PP3 310p11 3KH3 
R x , Ry - Rz :Q’3’33 noPo \y’ 3iopiP 
d»3’3A>3 niDplin Olp’O UK 1”9KP >33 
Po>n i»3 0 nnKn nnim .ni»m ’no 
,x-n 313 V3i x-y 3io’on Py 3iopiin 
.z-n 3 on 3iopnn i’3 0 noon non-m 
Po d’3ion oi3’3in Pk ni’m >9 Py 

:on niopnn 

Rx = R-sin(0) -cos(0) 

Ry = R -sinC#) 'SinCcO 
Rz = R-cos(0) 


:Kin i>3>33i Pipon 3iopnn ]»3 nopn 

R = VRx 2 + Ry 2 + Rz 2 


onwpn p mbaao - ’a naoi 

,PooP .PKp’O’9 *y3y idiko r»i»n!7 d»3”m on omopn 00 dnnno 30 K 3 
dpi£)3d 3WK3 P3K ,3nK pnyn 3iopiP p3 33ino nnnP P 13 ’ pnyn niopn 
dmopiPo PPA3 .onn PKp’0’9 iny K’n nP93nn Po nK3inn .dmopii >30 
Po nP93on PP 30 d’3io dmopii Po nP93on PP 30 3133 ,P3ixi pi »3 o’ 

.dnppo 

»3ppt? P*tu nnKsino nnKn .dmopii p nP930 Po imp >no dnnxo 
pP nK3pjni niopn K»n nnKsino nooni ,n’3Ppo nP930 pP nK3pmi 

.nmopii nP930 

mip33 n3oioon B-i A dmopii >30 p imPpon nP93on - n»3Ppt? nP93o 

:K’n nP’33 P 93 


A •§ = A - B - cosC^ab) 


.dn’3’3 n’litn K’n 0 AB -i dmopnn Po oPnxn dn B-i A 3 okd 

,3Ppo K’n nP93on Po nK3inn 
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omopn - 2 pia 


A-B = B-A :n>aiP>n K>n n’iPpon nPaion 

:>d oqm K>n o>i31kq omopn oo Po nnPpon nPainn 

cos(#ab) = cos(90°) = 0 


non d>o>khod omom Po pi nPaio k>d nnPpon nPanono ido yon 

:omopiin 


A’B — Ax Bx + Ay By + AzBz 


,B Py A Po nPonn Pya n>iPpon nPaaon Py nwnP )n >3 ji’iooik’a nnnon 
.A Po iPnxo nPapio ,A Py § Po nPonn Py:> in ,6 P\y iPiixo nPaoio 




.nnPpDn nPsnnn muniun :2.19 ivs 


rooion 6 nopii i>iP A nopn i>n nmopnn nPooon - nmopn nPaao 

:N>D1 X PQ3D 1)D>03 


C = A x 6 


iPnx hn o’oono *ts>d jukiP *rn* ,£ nopnn k>d nPason jiksijiv pirno 

.13110 J1H1 


:dniwoi p >3 C nopnn Po iP*nx 


C = A -B -sinC^AB) 


lo n>wn K’n e AB mmni ,B-i a omopnn Po o’Pixn on B-i A iy/kp 

. omopnn 

.B-i A omsno no’oP i 3 ino nnnP ttaio C nopnn pio 

nm onoo nnitn ox Pin ,11x10 n\y>o 030K pn o’Popn omopnn oh) 
ox no’Kno nnrAnno *td ,oqkP mw onPo nmopnn nPaioni oan 

.(nr nip’oP 

nnyi C nopnn pio an onnxo omoon o’mn omopn no o>\y 11100 

.xion PPi ox nipin po> i’ PPp 
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omopii - 2 pna 



pw *p niaano i>o> t > niynuK ymK ok 
A nopnno nmon pvo Py mynua 
m ,ono>i mopn n>mn *p*T B mopiiP 
riK nK“io *i>U3 nwo>ww plan 

.c iiopnn pvD 



:oora Py nwnP inn now >oP) 

,B IIVDP A 11VDO OQ> Alio OOmO OK 
]ivo Kin mnn Pw mmpnnn pm 

(.C niopnn 


.irmupnn n^aimn :2.20 tps 


:nmP>n nP9DO ni’K nmopnn nPmnn 

A x B = -B x A 

C mopiin Pw ooiwn ommn Pw P*mn 
:Kin B i a omopnn mm mvyn 


Cx = A y B z - A z B y 
Cy = AzBx - AxBz 
Cz = AxBy - AyBx 

muon n’P’opo Pw nown Kin nmopnn nPmon Pw nooiKon wman 
Kin nownn pirn c = ABsin(0 A B) :Kin n>P>npon now .B-i A omopnno 



.nmopnn nPEonn Pui numNnn uiTran :2.2i ms 
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omopii - 2 pio 


rivvniN’ii mbN\y 

.nPpoP nmmn 01 P 0 in ?*iPpo mo .1 
mopiiP fimrt 01 P 0 in ?mopii mo .2 
?onPpo *mmi omopii mm yn Pnonn mo .3 
?mopii K>n 7 tt ond ?mopn Kin pnyn oKn ?*p*r moi pnyn mo A 

nno Kin >no TnomiP mw ik Pm i>on mopiio PPDn poi OKn .5 

?ono nnKP 

nno iosa> mopnni ,ookP onw mopn P\y nn>3*iw nnnP pim OKn .6 

?OQKO 

?omopii oo mo mo omPon ono .7 
nPpon oioono 1mA nnnP Pin’ omopii no Po mopn oioo OKn .8 

7onPo o’PoAn Po 

?iPpo m>oi mopn mm o>Knn omiyn poo .9 
n<o (V) *p*T (IV) mmno (III) nmoiooo (II) nio (I) 

nvaw*n nibN\y 

’k non 

-.o’Knn omopnno thk Po Po nn>m ono .1 


y y y 



2.22 TPS 

:K>n x-n ms pop mo nnnm 10 iPoiao F mopn P\y noon ono .2 
(6) 310° (5) 250° (4) 135° (3) 90° (2) 30° (1) 0° 

moon mo .o”op 5 Po mmnon vpnpp 30° Po unio pm <iu .3 

Pinimno Po mKn moon moi >poiKn 
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0>ai©p11 - 2 pPA 


a>aan mo .\y”op 150 P\y niamoai 10° P\y naom min nno 0100 

?unamo P\y >aiKn a>aan into ’paiKn 
P92 pvaa ma>Pn ana mo .naro pas pvaa aooiP’p 10 7pm oaK 

?nato pirn ma’Pn ana moi 
nmamo anai ,\y”op 100 Kin mian nmamo ana\y 7 a nyj naan 
anaaan mamo P\y mum nPan mo ,\y”op 80 Kin naayo 
50 30° ri’iira <p> *r\yin 50 Pana nia 

[■ 30 ° ’pawn pvaa nian a>aa mo .nasnP 

?>aiKn pi>aa man ana moi 


2.23 IT’S 



40° mma <pi <)(in 100 Pana nia 

.a>pp 

a>aa moi ,a>pn pina man ana mo 
?nPyo pi>aa man 


.4 

.5 

.6 

.7 


.8 


mo .mian o”p 3 7a anKi inno nnato o”p 5 aw> ipa 7 am oaK 
?(pim Pan) ip\y pnynn mo ?oaKn aayw 7aan 
hk onKJion omopnn nna ono ,1 nPKwav; 2.22 amP ommna 
:(>/ooa\yi yawn) losy aiopnn moi ,o>Kan o»io>an 

(4) J=A + C (3) T=A + B (2) H=2 -C (1)G=4-A 

(8)N=C + D (7)M=£ + F (6)t=g + f (5) K=D + F 

dk onKnon omopnn nna ono ,1 nPKwaw 2.22 amp ommna 
:(’/ooawi yawn) losy aiopnn moi ,o»Kan o»io>an 

(4) R=E + F +C (3) Q =A + D + F (2)P = D+F + B (1)0=A + B + C 
hk onKJion omopnn nna ono ,1 nPKwaw 2.22 amp ommna 

:(>/ooa\yi yawn) losy aiopnn moi ,o>Kan o»io>an 

(5) W=E-C (4) V=D-F (3) U=A-B (2) T=-E (1) S = -A 

Pan) Pipwn man mo .vam onamo 6-1 4 Kin oPanw mma ow 
:Km onon mmn ok C|opn man pinP onn pini 
(5) 180° (4) 150° (3) 90° (2) 45° (1) 0° 

10 Pw mpaiK marnoa maa pan ,w”op 90 mamoa yoim aaao 
?wnaP onn maan mamo mo .mnaon pinP 7 iiKoa w”op 
iPw >paiKn ma>non ana .nasaP 60° Pw nnira nPyo nPa pan aiaa 

?npmn niamo mo .w”op l Kin 
6 pnaoa loay K 2101 .ps^o nnai-o Kinw pina inno 7 pm oaK 
mias aooiP’p 2 Kinw Kmoi ioip>o jik aaio Kin ,m>ao aooiP>p 

.inno 

ppasP onn na>Pnn pin mo .k 
? nnato oaKn 7 Pn aooiP’p noa .a 


.9 

10 


.11 


.12 


.13 


.14 

.15 

.16 
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omopii - 2 pna 


n*iro 11101 nooiP’p 5 *p *inN ,iiqu liioi nooiP’p 10 *rPin o*tn .17 

.inyo om ~iooiP>p 3 ^itoPi 
?im>Pn P\y ooPwno idn Pd *inNP w’Nn Pw pnynn into 


o non 

P’ymP \y» pm .n*npin nniNO o’Pyian mno o\y Piy ooio 4 702 P .18 

?omo\yn jin PoiP >*n ,P*m nt>Nii p\y’P\y ni 




( 1 ) 


nn *m’Ni \y> .\y”op 200 P\y Jiiimni yn nnas loivnn nno oioo .19 
ipy tnoon yi 3 > ni\y (pioi P*m) jinmon mo ,\y M op 50 nP*m\y 

:o>Nin oosono *tnN Pn ni*in ny9\yn 
,(n>om nn) oioon Jiyim 11101 nnn .n 
.( noi<n run) tnoon Jiyiin pioP *niio pioi nnn .i 
.(myoP mwo) nmnto nnn .a 
.( myo omP nito iiq^o) nmnto 1133 nnn .1 
. 1.5 0 ono *tnK P10 Pm .omt nino ow P\y Pipwn non .20 

?jnnon o\y i>i n>mn mo 

mw ovmi iwNin 10 n>mn\y 73 ,*rn> omino omr mno n\yiP\y .21 
.ono *rnN PiP iPnni mw Pipwn ,>w>Pwm own 10 nnitP 

?ninnn nvyiPiy 10 mmn mo 

nnN P11 .mm Py o’Pyo mnn nviPw oni onp>o nwiPw 109P .22 

\y> Jinx nnwno nni> w>w nn>oi) nimP oiipw nnn mo ,onp>ono 

:(’Poo>on nm uniPi ,HNt i»nP 
.oipoi nioyp .k 
.OO wn in oimn x no 11101 pi yoP .1 
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ooiopn - 2 p*ia 


Kin onPo Ppvm non ok 40 -i 30 d^iiw nino oo )0 n>mn mo .23 

(4) 60 (3) 50 (2) 10 (1) 70 btlW 

'A non 

ppn noP 10 iP*mo Ppon )>n nnrnn ,40° Km nino >3w )>n n>mn .24 
y ?oon mopim Po iP*tia mo .30° Km o’own )>n 

oPo Pvon no Km W <jia Pw iPpoo .25 
.(noo oPo) nanon 
,ooon ooP <iia P\y Ppoon pnoo *rno 
mono vawo m\y>o Pv nno ^un ok 
nniiKoi nPopo onon nnnvoi ,a 
?vmwon mvnoP 

w 

ooi nnono *rvi niWKnn nvnrn )0 mo noo won po <)Pu pno .26 
noon ,nnnto noo 100 noon nK na’vo nnoKnn naon .nonP 
noo 150 nnyOon ,nnto pas pioP noo 40-a nnan nK nonpo 
noo’oio 20 n>\y>onni ,oonno novo 30° noo 50 n>vonn ,nom 

.oonno novo 45° poo 
noon won opon nonP <iPiAn pno inirvnv noon nnon mo 

?noiAP nnon nK oonnp no 

naoiP niPKiy 

. ooon oP on*93 oomnn ooiopn mnPo *joaP .27 
A(1,0,0) ; 6(0.1,0) ; £(0,0,1) 

:o>Kin ooiopim Po noPpon nPaoon mo .k 

6-6 (IV) B-C (III) A-C (II) A-B (I) 

:o’ko omopim Po nmopim nPanon mo .a 
BxC (III) AxC (II) AxB (I) 

:ooon oP ooon oomo ooiopn noiPo *r>3aP .28 

A(2,4,l) ; 6(3. 4,2) ; £(3,-2,1) 

:o>Knn ooiopim Po noPpon nPanon mo .k 

6-6 (IV) B-C (III) A-C (II) A-B (I) 

:o>Kon ooiopim Po noiopim nPaoon mo .a 

BxC (III) AxC (II) AxB (I) 

:ooon >aP ooon ooman ooiopn noiPo *roaP .29 

A(3,l,2) ; 6(—2,2,0) ; £(1,3,1) 

:o>Kin o>’ionn 'iv nN^nn 

(BxC)xA (III) (A-C)-B (II) (AxB)-C (I) 


\ x 
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omopn - 2 pna 


nibN\yb finwn 

D x =5.2 D y =3 ; C x =2 C Y =2 ; B x =0 B Y =1 ; A x =2 A Y =0 .1 
F x = 5.2 F y = -3 ; E x = -3.53 E Y =3.53 
F x =0 Fy = 10 (3) F x = 8.67 F Y =5 (2) F x = 10 F y =0 (1) .2 

F x = -3.42 F Y =-9.4 (5) F x =-7.07 F Y =7.07 (4) 

F x =6.43 F y =-7.66 (6) 

= \y”Op2.5 v-.jj 31N = v;”op 4.33 .3 

V’djn = 26.05 v■'pgiN = 147.7 .4 

.nrmo -iuoi P>p 7.07-1 nuas looiP’p 7.07 .5 

• liasno D3*ii)0 38.66° \y--op 128 .6 

F x =43.3 F y =25 .7 

(nt>KOiy TTAin >31’nn x-n 11V3) F x = 64.28 F Y =76.6 .8 

.nnrono niias 31° -ioniP>p 5.83 Kin pnvnn .nooiP’p 8 K>n fnn .9 


o 

II 

>* 

O 

oo 

II 

X 

o 

G = 8 

P 

II 

O 

o 

(1) 

.10 

H x =4 H Y =4 

H = 5.66 

a=45° 

(2) 


Ix = 2 Iy=l 

1-2.24 

a=26.56° 

(3) 


J X = 4 Jy = 2 

J=4.47 

a=26.56° 

(4) 


K x = 10.4 K y =0 

K = 10.4 

O 

o 

II 

a 

(5) 


L x =1.66 L v =0.54 

L=1.75 

a = 17.9° 

(6) 


M x =7.2 M Y = — 1 

M=7.27 

a = -7.9° 

(7) 


N x =7.2 N Y =5 

N=8.77 

a=34.78° 

(8) 


Ox =4 Oy — 3 

0=5 

a = 36.9° 

(1) 

.11 

"O 

X 

II 

o 

It* 

< 

II 

P = 10.44 

a = 5.5° 

(2) 


Qx=12.4 Q y =0 

0 = 12.4 

P 

II 

o 

o 

(3) 


R x = 3.66 R Y =2.54 

R=4.45 

a=34.76° 

(4) 


Sx = -2 Sy—0 

S=2 

a=180° 

(1) 

.12 

T x =3.54 T Y =-3.54 

T=5 

a=315° 

(2) 


U x =2 U Y =-1 

U=2.24 

a = -26.56° 

(3) 


V x =0 V v ~6 

V=6 

P 

II 

VO 

o 

o 

(4) 


W x = -5.54 W y =1.54 

W=5.75 

a = 164.5° 

(5) 


7.2 56.3° (3) 9.27 

27.24° (2) 

O 

O 

O 

H 

(1) 

.13 

2 

180° (5) 

3.23 111.8° 

(4) 



\yvnno 6.34° \y”Qp 90.55 

.14 


wop 2 .15 

.nnnvo o”p 5.66 .a panno nn*im 70° .k .16 
.•jia^no nnnto 26.6° Q”pli.l8 (2) Q”pl0(l) .17 

.pasno nnnro 20.08° o”p8.39 (3) 

7.52 180° (2) 4.47 206.56° (1) .18 

1.74 287.86° (4) 6.09 262.6° (3) 

niiau \y»op 150 .a niias \y»np 250 ,k .19 
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omopii - 2 p*ia 


•HQSnn rrnyo 14° urnp 206.16 .X 
Oia^no rmyo 12° tu'np 168.4 .7 

82.82° .20 
90° .21 

9.14 195° .M (3) 7.21 146.3° ,K (2) 3.16 288.4° ,H (1) .22 

2.37 270° .3 4 ' 90° .3 3 270° .3 

8.83 180° .X 6 180° .X 1 0° .X 

62.7° (4) 90° (3) 180° (2) 0° (1) .23 

7.78 .24 

W X =W -sin(a) W Y =W-cos(a) .25 

.rmano nam 58° *ioo 194.72 .26 

1 (IV) 0 (III) 0(11) 0 (I) K .27 
(1,0.0) (III) (0.-1.0) (II) (0,0,1) (I) .3 

29 (IV) 3 (III) -1 (II) 24 (I) K .28 
(8, 3,-18) (III) (6,1,-16) (II) (4,-1,-4) (I) .3 

(12,-28.-4) .X (-16,16,0) .3 -8 H .29 



no’ i pn nyun - 3 pna 


3 plD 

yp ipi nyun 

N110 3.1 

,m>tm noiDo .pm Pd nyun o’Kin uroK ,m’Doo o’PDnoo uniK dokd 
. onpo ni9to’K myi ,ni> am ,yi nP> ,nm nnuna ^y 
?nyun Po niKmn p nPKn niKmnno o’yni’ iinjN *j’K 
Kino o’Kin udjn ,ooio oom ood ^nn Py o’PDnoa umk ok ,pm 

.nyun ’nit .now nioipo ood ksoi 

pt *jood dipo »u>o - nyun 

:nyunn uio bon ma”pno mown nuiDn 'w 

mno kid f)iAn Po oip’an ni’on ok iP’qk .pt hduk nyun Pd .1 
*Tin moPD pt nny pny ,PPdd pt *pK kP Kino nKm ’d ny ,*tKD 

.nyunn nD 

nmpjp on>D nnoi yin <pn Po loip’too pi>DQ ,n’om K’n nyun Pd 2 
omn nniinni nnK nmpiP omn nyuno ni’nP Pid> «jw .no’ioo 

.n’io nmpiP 

Dint .nnnon Po a’na’on noiPon nyiin K’n <iia Po nni’n n’PPDn nyunn 
.nnK ipp ik mK mo’oP inyon dk P’daq u’ki ooivdh PdP <^y ,rrnn yin 
ii”n ,nnpn noooP inyun hk P’dao ,nKt nmyp ,nnp Py p>Pnan ppn 
nny on hk nP’DAO nP’oo Py nym uddd .ona’a ’ion nyun ’nit .mo’nP 
my nows nyun o’ .nnK no’on nyun vnt .no’ Kpm ikP ,nPn nnK ipp 
.no’ ipD nyun K’n ,no”pn nni’n noiosn nyunn .nni’ 

,yuP IP noQKii oia *TinP nnn oudi ok 
, no> ipD nyun n’nn it 
pn Pdk ,nmnKi nonp yuP Pid’ tinnn 
nun pi nuun :3.1 .no’n Ipn Py 

Po K’n noou nmrr .no’ ipD nyun Po nn’n’n nmnn kP nKt 
niKmn nnnn my on ,noo ’sPd no’ ipi yi Kim miiKn idik o’ntiyo 

.nisoii 

.np’ooi’p Knpi o’qia Po onyun niK’nn poiyn nponon pPn 
.nniK’ra pn kPk .no’ioon nyiinn nn’U’P hid’od poiy kP ntn omnn 
,no’ ipn nyimn K’n nni’D noioon nynnP niK’nn nK P’dai nrn pnan 
.mo’OD nynn iod nyon Po nmnK ninm pioyj nni’ onniKo opnani 
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iv> ipn nyon - 3 pia 


3 pia 

w ipa nyun 

*m» 3.1 

,nyt)13 n>3100 .pm Pn nyon O’KIl 1303K .On’OtJO O’PinOO um^ 1 VK 0 
.onpo nato’K nvi ,m> otu ,yi iP> ,nm 111311)0 ^y 
?nyon Pv niKOAii p nPKn niKo.mnv o>yii’ on3K 
Kinvy O’KIl 13PI3K ,0’31W OOOT OVO ^UD Py O’PmOO 13H3K OK ,|3m 

.nyon vm .ooiv nioipo ovn koo3 

.pr -7^00 oipo >u’v - nyon 

:nyi3nn 010 Pm nio”pno ninivn noinn »nv 

i’no kid <)nn Pv oip’on ’O’vn ok iP’qk .pt nmiK nyon Pn .1 
■jin mvPn pr my piy ,PPnn pi- *pK kP Kinv nni3 >o ly .iko 

.nyonn ’in 

nnp3P on’n 1103 y 3 n Pv loip’ov pvno ,n’on’ K’n nyon Po .2 
on’n nnooni nnK nnp3P on>n nyonn nonp Pin’ .noooo 

.nov nnp3P 

moi- .onion Pv ono’on nwiPvn nyon K’n <jn Pv inon n’PPnn nyonn 
,mK ipp ik mK nv’oP inyon hk P’mo o’ki ooii’nn PoP ^y ,imn y3n 
o”n ,mpn novoP inyon jik P’mo ,jiki- noiyp ,nip Py p>Pnon ppi 
nnyon jik nP’mo nP’oo Py ny3n nnm .ono’o ovn nyon >nir ,ii\y»oP 
ny noivo nyon v’ .iok io’on nyon >nn .iv’ Kpm ikP ,mPn iok ipp 
.iv’ ipn nyon K’n ,no”pn moo noivon nyonn .ini’ 

,yoP IP ivdk 31 oio *[inP nm 0003 ok 
.iv’ ipn nyon n>nn it 
pi Pok ,nnnKi nonp yoP Pio> i-nnn 

.iwm ipn Py 

<in Pv K’n naoo noAii ,ivn ipn nyon Pv ni’tvn noAim kP nKt 
niKOAii nnin ny vo ,noo >aPn iv’ ipn y3 Kim I’liKn iniK o’nnyv 

.niooo 

np’ooj’p Kip3 o’an Pw onyon iiK’nn poiyn nponon pPn 
.miK’nn pi kPk .nonoon nyonn ni’^’P nin>on poiy kP nm oinnn 
,iv> ipn nyonn K>n invn noivan nyonP niK’nn nK Pouo nm pion 
.nv’on nyon ion nyon Pv minK nnm pioyi mi> onniKO o’pmni 



-mr ipn ninjn :5 .1 irs 
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*io> ipa nyon - 3 pis 


nwnon n*mn 3.2 

pirn X-n n>s dn mai .(3.2 nvs) *io> ip Py nyuna Nsoin Py Pddoi 
N> n it mipj) d>i'^n h>on*i nP Nipio nt i>s Py n*npi inai iPo nyunn 
. O-d nniN loon ,(n>PN ion»n> nnnon Pd Pdn ,n>jm>no 
.x hind piooi ,pm>n Nipi on>sn ji>on*io ^nn Po ipmo 
,*io> ipn H>n nyunno p>do .nopii kid ,o*Tipn pnan u>n*io >dd ,pnynn 
tNi) >Dimn x -vs pirn ,-tdPd ooh>d oo mmP o>Pid> pnynn mopiiP 
.(>P>Po pnynn tNi) >P>Pon X *i>s )ivddi (>Di>n pnynn 
■lotn iPnon nunoo on>sn moNiP on>n ipnyn ,yi <iuno )ii>do 
,( n>PA3KD time nP’on Po ms>p) t hind poi pt 
.x 2 -n t 2 yA*a ipnyn hni xi-d ti y;nn ^un Po ipnyn dk poi 



.mu'* ipa nmjjii ,imn i^nm runiun pmjnn :3.2 tps 

:<inn Po pnynn >u>o asp dn iNnon ,o*m *py nnxj 

.ptn 700a <in Po pnynn >u>o asp - mvno 

.(n>PA3Na velocity nP'on Po ms>p) v n>PAiNn niNa pion nivnon 

o>pnynn onon Nin x 2 -P x 1 niipio yj kid *iond .^un Do pnynn >o>o 
Ax = x 2 - xi :(A) kuPi noivn niNn mtya *T>on pioo oian .x 2 -xi 
:Nin ptn >u>o o»n ,t 2 -t i Nin nmpin >no )>a nyunn naiNo ptn 

At = t 2 - ti 

,x 2 nnipiD xi rrripjn p «inn Do nyunn mis Py *ian ij-iqn nD dd ty 
.At pta noo naipiD nnN nupio y>>n <pno pa nDn 
Pd yi Nino nvnD Pid> ,oNn *p into *n*rno pPn *tno *ino yi Nino pn> 
,n>PN ntni x 2 nmpin dn nay Nino PPdd mmP Dido ,nin>non nniNa ptn 
jon’sn d>ondo pmo o»n ,pnyn nPn tit itio u>n x-o iivdo 
o’Pid’ oniNo Pd ,yx*ii yx*i Pdd <inn pnyn Py o’oou o’iim OP vn on 

:nysioon nn’non N’n -inxnP 

.pjiyna >o>on tino )otm pnynn >u>o i>a on>n - nysioo nn>na 
.(ysioo *t>oji poo hinP Pyo *io>n ipn) v hind rooioo nysioo im’no 
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0O> 1p3 twin - 3 p*10 


[x ] = m 
[t] = sec 


[v] 


[x] _ m 
[t] sec 


:N’n nysioon nrrnon ,n*mnn >a Py 


Ax = x 2 - xi 
At t 2 - ti 


(3.1) 


?ni*won n*T*raj nunr iP’no 
.(m) *ido3 M.K.S. nrr’rrn no>o >a Py ,*noj pnynn 
.(sec) nooo nnnrn mo>o >noo ,*moi pm 


:pv Po mown ,pPi 


— :N>n M.K.S. jm>n>n no»oo momon n*r>n> 

sec 

?*nopii in oPpo N’n nn’non ond 

,*110p11 *T’Qn N’D OPptO IIOpll npQOO .*lPpO N1D pmi ,IIOpll N1D pnynn 

.pnvnn ’iro Po pran nid nn’non pro .oiopr N’n niomon pPi 


pnynn >iro pro nid nnmnn pro ,*iiopn n>d «n>na 

x-n *rs proa po nrnP Pio’ nn’non pro ,oo’ ipo N’n nyonno proo 
nnmo p on \y> .pnynn nro pro >a Py yopj pron .’P’Pon in ’ornn 
*t’yo nn’non Po ’P’Pon p’on Pon ,’P’Po u’N nn’non Pm .n’P’Po 

.’P’Pon x-n on* pirn nid nn’non prow 
:<p* Po niyon ’no nnNino in 3.3 oro mm nn’non pro nN *roo:i 






X 

( 2 ) 


v 



.nj’tp Nin i?nunn '•ij-'id yirD izi^i ^12 pnunn .nrm dj (1) : 3.3 nvs 
n'PNniu Kin pnunn -njruj iivd id'?! ,1 ui? j?nunn .n'PNnuj iu ( 2 ) 

pnynn ,pnynn pirn Kin pnynn pio ,1 mpoD ms ,x 2 >xi qk 
. m>o> pPi ,pnynn >iv\y pirn Kin jin>n&n pio .Vta 
, pnynn prop *pan proa nid pnynn oro pro ,2 nipoo ioo ,x 2 <x! on 

.nPNOo ,pp nid nn’non pro .pp pnynn >o 
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my> ipa nyon - 3 paa 


.9.9 sec-3 pnaon rm aaiy 100m pnaoP >do’Pik 7a :n»in 

anymoon iniamo ’no 

:(a\y’ ip Kin PiPoon) PiPoon 7 aiK Kin pnynn niny :pane 

Ax —:100 m 

At = 9.9 sec :Kin nait? ayi nyunn nPmno 70m oa’w 

v = r cf^j = 10.1 —; :K>n nymoon mamon ,ppi 

ok oa p^P nbniAP 70133 7>a3 ,aiopii K’n niamonv in>ao 
.nsnn 7 Pnoa mmyn kP mamon pm 13 ,nr napoa .mii’D 
.nunn pma Kin nymoon mamon pmv ana 

mnKPi ,’o’K n’n pwnn .aspn iniKa nsnn Pa dk 7 a kP 7 an\y aiaa 
.naoon ipp ay 7 an 7 >oon nn’K mPo’oao mamoP ay nPaA mamon 
mo pa awn .yAai va~i Pan mamon mo awn kP ,nymoo mamo aioma 

,mn >i3’on 7 aK\y }otm moi ,pnyna >i3’tm Pa 30 


13’Py 73 ovP .yAa Paa 7*m mamo hk nyaP oooiyo on3K\y noa ,Pik 
pp yopa kPk 7P13 PiPoon 7 *hkP kP , 7an P\y pnynn 03’\y jik aiaoP 
Paa .iniamo hk nyaP oma oniK no naipm jik P’Don ,PiPoon Po *tko 
nKmnn 73 ,(’K3.4 noiyP ’33.4 am) am’ pp onaio oniKo yopnv 
mamo pny) am> pp yopa nymoo mamo Km o>P3po oniKo 

.np’no anv ,pp K>m ,(?nymoo 


n* 2 nnnn ip 



ti 


t2 


DT'DH ip 



(’K) 


rftrmnn ip 



tl t2 


oron ip 


(>3) 


jn’in Pin nNSinn id inr iup m' , inn nmpi ya pmnniu Paa :3.4 ar>s 
trion uni qua nyrnnP inr nmp .misinnn mi’nnn 

,ookP 7Kw’\y 73 nanon >yo’p 00 pa pin jik 1’opnP 7ns ,moaiK’n 
naaoi mamon ,aaa P\y in’OKP ,P3 k 71113 yAaa mamon jik k^oiv oaP 
73 ,’Po’oao pm o> nano a’oaoPi , (aajy pyo) nano a’oao natya 
anvi am’ o’yop Py Panto ok oa .n^mnn nK aaoi kP 0000 aPvno 

.ooop 


-35- 
























































































































































































av> ipa nyixn - 3 pna 


yop “thkv prniy noo nwn nn>noP ’oiiN’nn oo’an ,n n*iyn nnoP 

.t>9NP <|KW nanon 

nP’nno nio\y t anNP nn’no in ,t yna nn’no N’nw ,n’yvi nn’no pto 

.v niNa ,nyunn nano 
:N>n n’y*an nn’non 

(3.2) 

,nnnN o’P’oa .niM’jn nmn onya N’n n’ynn nn’non rrmn 
_ dx _ , :ptn ’9p pnynn P\y nar;on N’n nn’non 

v " dt " x 

(.anon <pt>a ’oonon notm niy’9io ,nniyo\yoi namn imw) 

kid a’any niyiinn PaP <pwon ,a\y’ ipa nyun P\y Jims a9t>o way 
niam u”n .nyunn P\y ym y;n Paa ’oono aiN’nP mows p’9t>o p\y 
.n’yvan nn’non aiN’nP now9 nNiwo pp niuoP d’Pia’ uniNiy nyun 

.nnn) o’PPian omioo d’ai\y>nP nippt’n nPP 
.nyiap nn’noa nyun N’n a\y’ ipa nyon Pw anva nc>W9n naian 

nynp fin»noa nyun 3.3 

,in .o’ii\y ooota o’iw d’pnao aaiy Nin avNa ,nyiap nn’non yi <in 
.yiap nspn P*ta ^un Piy pnynn a\yNn ,nnnN o’P’on 
nnyo nPi ,(inia’non ’iPnn) yiap pnao <inn aaiy ,nyun Piy nnN nova 
Pa in ,nn’\yyn nova ,nyiap nn’non nyunn P\y nwNan nown ir dN 

.nanN nu\y 

.nuvi n»iv Paa yiap ^nn Pv pnynn >iw - nyiap nia>noa 
o’w ouota o>w o’pnao aaiy *iwn 


t = 0 sec t = 1 sec t = 2 sec t = 3 sec t = 4 sec t = 5 sec 

.D'rniu D’jimn epiiuj D’jmi inu ; mnii? mn^nm m n tu :3.5 tpx 

Nin nyunn -jwon nn’non P\y yaioon tN ,nyiap N’n nia’non dN 
p»i pPi ,(loay *pyn Nin d’liv o’nay Pv yaioon >a) noay nn’non 
(v) n>yn nia’noP nNiwon (v) nyaioo nnmoP 3.1 nNiwon nN <)>PnnP 

: nyiap nn’non nyunn 

(3.3) 
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av» ipa nyiin - 3 paa 


nyiap nia>ntaa nyuna ,PaN .Ax pnynn ni’vtP >io>an y>aia 3.3 nnnvtm 
napoa ,pp .aaiy oixnvt *paP nnvt pnynn ,yiap Kin n ronton pra 
.Ynn xvtvaa pnynn xvtita dk <pPnnP pi>3 ,nt naptaa pai ,m owa 


aaiy m yar *jvt>aa .30sec ivtoa nyiap nwntaa avt> ipa <p tP> :*k naan 

.60 m Pvt pnata aP>n 
?aP>n nia>no ’no .k 
? l00m Pvt pmo aP>n may’ pt noa *jvtoa .a 


.3.3 nHlIVtDa VtOJIVtl K 

Ax = 60 m ; At = 30 sec :on ooiron 

:N>n tna’non 

.2 m/sec Pvt nyiap nn’noa p aP’n 


- Ax _ 60 _ ,, m 
V " At m~M sec 


:on outrun , nyiap iP>n ma’novt pi’ao .a 

v - 2 m/sec ; Ax = 100 m 

Ax af Ax 100 cn 

AF^ At = — = . T 2- = S° sec 


v = 


: pana 


.4 m/sec Pvt nyiap nia’noa PaPajio ana 
?nyiinn Pvt novt Paa anan Pvt pnynn ’ii’vt mo .k 
? nyiMi Pvt lOsec ivtoa pnynn ’ii’vt w .a 


■a noAn 


Pvt naaxnn mtya ksoi ,nnK now *jwoa pnynn »o’w hk .k liana 
4m/sec Pvt nyiap nnmo Pvt wroanw prao nnt .niamon 
4 m Pvt pnao ,ii’K mwo kPi ,now Paa aaiy ananvt Kin 
Ax - 4m :pp ,K’n naivtnn 

.3.3 nKiiwoa wonwi .a a 

v - 4m'sec ; At = lOsec :on ooinan 

Ay 

v = -g- =?$ Ax = v*At = 4-10 = 40 m 

,PwoP ,nioiaoa m/sec namm p mivt nam’a , 0 ’oyaP ,nmni nnmo 
.km/hr an’pa ik (nywP aooiP’p) w”op m>n>n naiai 
.nowm oipoa mwann nia’nm nann K’n nvr>n> ni’wP ani’a nnon -pan 
.mow 3600 vt> nywai poo oPk vt> aooiP’paw nyaP pa o’Py *p ovtp 
lkm = 1000 m ; 1 hr = 3600 sec 

. kan _ 1 1000 m _ 1 m 
hr ~ 1 3600 sec ~ 3.6 sec 


J_ m_ 
3.6 sec 


-P niivt l ^ Pavt *p 

hr 1 
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aw> ipa nyun - 3 pa a 


miK pianb oona iiniKi km/hr-a pay ub w’ avKa ,manK d’b’oa ,ik 
miK -pant’ d>ma uniKi m/sec-a pay ob w’ iw3i ,3.6 a pbm m/sec-b 

.3.6-a b’£Di km/hr-b 


bw pnynn nnw mo .90 km/hr bw nyiap niamoa nyt>u nuiao 

?i0sec pvoa nuiaon 


mom 


:d'jiwn na>na oy a>o ,nn>non bw limn nK mwi 


pinna 


V = 90 » i = 25 £1 : At = 10 sec 

hr 3.6 sec sec 


Ax 

At:': 


Ax ■■= v-At = 25-10 = 250 m 


l|gg||j 1P1|| 

sKllli 4fa 


nyiap nn>noa nyun bw >onA niK>n 3.3.1 
pnynn om ,o>9aA uw narya aKnb pu nyiap niamoa nyunn nK 

porn bw nispnaa niamoni porn bw n>2pai9a 

lorn bw n>ypnaa pnyn 

v — ^= X2 - f 1 :K>n prm pnynn pa awpn nK naKnon nKiiwon 

oqki (ti) mamon nn>no nb>nn yna 
.t 1=0 pabi ,na>aon pyw jin 
. t-a pto ,(t 2 ) ainoaw own pm nK 
pioo nanon nb>nn yxaa pun oip>o 
.x-a t pr anKbi , x 0 -a 

v = x ~ x ° :*ra pab ,n>Kai nKiwon 

X = v-t + Xo 

ipb n’bban nnoon .aw’ ip nKiiwo >nir 
Kin m awKa ,y = m-x + n :K>n aw» 
no* oy pin’nn naipi Kin n-i ipn yisnw 

.Y-n 
:K>n mpt>on 

.pun bw nia’non Kin porn bw n>ypnaa pnynn bw pain yia>v 

m ,nyun bw nan* bab nnan ,n>bba K>n nipoon ,rtKr onam Kbw ninob) 
KbK ,awm ipn yisnw by naai Kb nr napoa nw> ip nnK nKiwon nwKa 
O’Ka >a ,naum wio dk n>aow >ob y>n90 iuk aaan .naipia yiow by 
yiawn K>n nnmn niyowoi ,v - dx/dt pnynn bw nnmn K’n ninmonw 
(.pa9n pioa irn n’bban nipoon by aaan a’nna uniK .naipia paxn bw 
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*w> i pn nvim - 3 p'lA 


'iv onpo -iaoD ut? "into ,p?n 'yv n>upiia:> piwin *jv <p>n an )>3nP no 
t 0 ,t!,t 2 o>n\y cmm noPod <iun l>y ^noii .npdp im»noi pn qn 

.pap At ono’i oomn \y*ian\y 
(.mPi ’did’k Nin ‘iiK’tin p ptn vmn mop myovyd p*) 
.onpon 'pi'y >di>nn )1V33 m>n> ppn jik *irai 



pp pap d^pn Imi *pin pnynri ,x o =0 on>sn n>\yK*iQ kp> purity IPAd 
.tinman >q !p ynpi <pAn P9>\y .*i\y> ipn nPy <p>n 


nniKd ro>o’ pi .(on’sn ivoni Hi?) x 0 rmpm p kp 2 naoa <in 
ny P\y po>\yn Inn ,on>nn imynna Pnria nl? <pAn .1 p nd nnmnn 



to ti t2 

.□■'T'sn irwNin n7 .rump niToni in tii :-a.7 ivs 


p ra nnmano inv mop tinman m>o> pi x 0 rmpin p hp 3 moa yx 
<pAn Pw pa>vmo pp P\y panyni ,on>pi n’Ymna Pnno nP .1 



to ti t2 

.D’T'sn jtujniki N 1 ? rmnj ,nimj3 m^nm dj ^13 : 33.7 tps 
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*10> Ipl nyijfl - 3 p*12 


.1 yi na nin’nnn nniNa nP^oo yn x 0 ’ rmpjo 4 naoo 
onpon PaP >avnn pnan m>na PPxa .onn»n n>oNno P>nno nP <pin 
P*m ,’PPo ,pp ,kid <pxn Po yia>on ,n>P>Po K>n ninmon ,i>o’ )ii>aa 
naiy <inno nnNP .pan onPo p>on Pan ponnn <pAn yi9>oP niio yia>on 

,>P’Po mviP pin pnynn ,onn»n n>o*n hk 

A 



.'•'rtiun ■pr , 3i,D' , T , sn jpuwin n 1 ? nirnm uj *\w y*T3.7 ivs 


v 



'juj rpspjmu nmnnn :n3.8 tps 
rump nmnm nimni ,imn 


pm Po n>ypnaa mama 


Po pin ,nyiap N’n nmnono )ii>a>a 
ao’ ip Nin ,pm Po n>apii9a ninmon 
nyana Pa dk anm .x-n *i>uP P’apo 
.ann <px mtw ,cmp irmmo onpon 
ppi mnt p 2-1 l o’an Po nvinmon 
.7DK 1p3 <pia IV’QV OD 
2-ii o’ann ninmoa mop 3 ninmo 
>a ,n»P>Po mama Nm 4 ^nn ninmoi 
Pm .nvinmon pno pvaP 7 ian nm>a 
Po ninmon PanP niio 4 Po ninrnon 

. 2-11 o>an 


.pm Po n’apii93 nin>nnn <pi Po nnoyn nnan Py Panto 
Po pnynP niio (’33.8 ninja apuon noon) <pin n> Py noiaon noon 

V .^1AD 


Ax = v-At 

-^—“- t 

ti t2 

t* an nDiann nuuin :'13.8 it's 
. jnuinn ■■ij’urt nntu tod 


ninrnon Po «pAn n> Py noiaon noon 
Po pnynn >ii>oP nno pm Po mspiiaa 

,*)Un 


Po aio PaP nnan ,n>PPa K>n mpoon) 
(*roona aiann nn *ra Py a>nni .nyun 
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nw> ipa nyon - 3 pna 


nsiNJin n*mn 3.4 

nmnP p’A pywin *rPn)oa nAnwo kPk pyiap oa>k ^wn nmno nwKa 

:nn>non >mw asp nK innon win *py 


.prn fPnoa <pA Pw nn>nnn >ia>w asp - nsinn 


.(n’PAAKa acceleration nPnan Pw niS’p) a niKa pOA nsiKnn nK 
wowP Pia> ,n>yAnn nn>n»n uni nysioon nn/non nK miAn ia *pPnnn 
asp K>n nin’now add ,n>yAnn nsiKnni nysioon nsiKnn nniAnP uniK 
.pta nmnon >mw asp K>n nsiKnn *ja .yarn pnynn ma>w 
ptm (Av = v 2 -vi) nn>non >ia>w )>a t>n>n K>n (a) nysioon nsiKnn 

:(At = t 2 -tx) nin>noa m>wn -pKw 


Av _ v 2 - vi 
At ~ t 2 - tj 


(3.4) 


m 

[v] sec _ m 

It] sec sec 2 


?nsiKnn rrriOA pa nn»n>n po 


m 

—5 m>n>a (M.K.S.-a) nnoA nsiKnn 

sec z / 


prn *j\y)aa (m/sec) nvnnon Pw OA’wn K>n nsiKnn ’a pAaoa sec 2 lAPap 

,4-^o Pw nsiKn <mp w> ,PwoP ,okw ,K>n 5in>n>n Pw niyowon .(sec) 
sec 2 

.4 —-a now Paa hPta min’no ik 

sec 

.(pt) nPpoi (nmnon) mopn pa on»n K>n >a ,aiopn kvi nsiKnn 

.nmnon oa’w p>a Kin nsiKnn )iva 


dk -mop lA’Py ,nysioo nsiKna kPi ,rt>yA*i nsiKna oooiyn lAnAK ok 
o>ans o>yopn ,n>oniK>n ,aiw .nw<AKn Paa ooop pt >yopa nin>non oa>w 
Pw pmn PPAa ,n>wyoi ,n>yAn nswn Py na*tP Pam/ oaP oqkP <)ikwP 
.pmn non n> Py o’PaAio pin »yop ,ninon n>wao 

:K>n n>VAnn nsiKnn 

(3.5) 



nntAAn K>n nsiKnn m>n .nnuin n*mn osya K>n n’yAnn nsiKnn n*mn 


dv 

a = dt =V 


:ptn »aP nwnon Pw 
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tw> ipi nyun - 3 pT9 


.10 sec ‘jypa. 9.0 km/hr DH’nD^ VOX MVnBO 'f HO IDT 

Tnysioan wmNn ’no 


:mn 


kni/hr o im>n>n jin oatjiP p>Py ,n!?N\yn ima >395 
:M.K.S. nnwn w>vi omiy np>o>9D >d ,m/sec -P 


/> m km 90 m m 

«. = 0 ; ••* ^ * , ;r - *... - 25 s - 

At = lOsec 


:on o’Jirun 


:inno 


Av = V ‘2 — V! 25 - 0 ' 25 


m 

sec 


:Nin niT’non ’13’v; 


37_ Av £ 25 _ p j. rn_ 
a At 10 sec 2 


:N>n nyimnn rmnnn 


nynp n^iKJia nyun 3.5 

.niT>DDD >i3’\y riPPi^n min nowon nyunn N»n nyiop nDiNro nymnn 
Piy ysioon >d (a) myAnn nsiNrP (a) nysioon nuiNtin mw nr nnpoi 

:nynp nuiNDi ,pp .tony piyp mw o>nt o>:ny 



nyiop nswra 


(3.6) 


59no3 (a) nyiop nsiNm y3n <)ia 9\y (v) n>yAnn iinmnP nom niddP ns 
nK i»t7Q v 0 ninwon) v 0 N>n nyunn tP’nn yA*o itin>na\y Py 

TD9 <)nn\y nvnP Pi 9 > ,Pdn .t=0 pPi mnnn nP’nti i3n3>nDG it\y ntniyn 

(tnymnn riP’nn mono n3»N it .cmp yi 
n>yAnn niT>nnn N>n v Jii*i>non) .v immoP t lot mNP y’Aoi ynn ^un 
wind n*r*rn3\y nn’non nPn ,n>9it> nn»no 03 >n it ,tn>3\y t *inNP <)nn P\y 

(.nyunn P\y ntnon nPwii *wnP ni>3iy t - yA*m 
:Nin v nrpnon rrmoP *Tyi mnon nP’ntio iotn >i3’\y 

:Nin ntn imn imwon >i3>w 
:PDp31 3.6 nNIIWDD D’23 


At = t - 0 = t 
Av = v - Vo 

_ Av v - Vo 
a “ At t 


:PDp3 ,v n’yAnn im’non nx nm on ,pPi 


v = v 0 + a-t 


(3.7) 


nywi P\y rnmt t mNP t7)dwyj v npAnn nnwon jin dtnuo it nNiwn 
■v 0 nnwon nnw nymnn pit mno nP’niiD *i\yND ,a n^iNtiD 
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i\y> ipa nynn - 3 pi a 


ruinro mn’no nK imoi .nnuoo invert 3>nno o’odik 3311 :’k nmn 

.0.5m- sec 2 'jv nyi3p 
?10 sec inKP innino mnn no .k 
? 10 m/sec K’nw nm’on mninoP vo’pr no3 *rm .3 

vo “ 0 (nnrno n5nn nyunn) :on ooinin .k :iiino 

a - 0.5 in/sec 2 t - 10 sec 

v =-.? :v nii’non Kin oPpn 

V = v 0 + a-t = 0 + 0.5-10 = 5 :3.7 nK1W03 VOniM 

sec 

.5 m/sec 7\y nn>noi> lOsec inKP y»AO o»’39iKn 331*1 


v = 10 m/sec :t pi-3 nn»non Kin wmn limn .3 

t = ? :n nn»no 5\y t prn Kin mwy oPyin 

t = V ~ V ° = - ^ = 20sec :3.7 nKIWOO pin UK 17133 

.nPonnon nn»no5 oi>39iKn 3311 y’A’20sec inKP 


Jill’nnP 5 sec *jin ifKOI 72 km/hr nyi3p 11117103 you 331 : ’3 nom 

7imiKJi ’no .90 km/hr 


vo - 72 = 20 ^ (3.6-3 npPn) :on o’iinin :innfl 

nn km „ m . c 
v = 90 -r— = 25 —^ ; t = 5 sec 
hr sec 

a = ? :nyiKnn Kin o7y3n 

a = -~ v 9 = 25 ~ 20 = 1 -3-0 :3.7 nKiwoo nsiKnn nK 77133 
t 5 sec 2 


noiKJi 3.5.1 

,nn3opn ik nninon n(?7An m»n3 313’ >i3>\yi ,nn’no3 ’i3’w jiikho nsiKn 
.noiKii nninon >i3’\y3 o’Kiip .niopi niPin nninon 7 ok3 

(nPPo nsiKn) nn>non 7iu jik ni’opon nsiKfl - noiNfl 

nPnion ,n^iKH3 ,pP ,nn»non ’i3»w pi ’33 mpo 733 Kin nywnn in>3 
nsiKnn 111131 ,nn>non in»33 Kin nmnon >i3>iy 11113 ,nninon P7iA nK 

,(K 3 n iiov 3 3.9 *11132) mi’non in’33 pp Kin 
1 ii» 3 P *rian nninon »i 3 ’\y pi >3 ,nn»non Pin nK n 3 »opon ,noiKn 3 
,nPP\y K’n pPi nninon in» 3 P 7 ian 111133 Kin noiKnn 711131 ,nn>non 
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w ipa nyun - 3 p-ia 


vi 


v 2 


0 

-► 

p . _ _ _ 

-► 





v 2 


vi Av 


Vi 


V 2 


0 

-► 

p _ 

-► 

p 





Vi 


- + 


v 2 Av 


.nmnnn ‘•mu *pr*Di kvi nmann iivd :3.9 tps 


ny nyttp noiKni o>kdi ,l m/sec Pv imtfm fnv> ipi tP> 

TinoiNn >nn .2 sec nnnP 

Vo - 1 m/sec ; t = 2 sec ; v = 0 {-tt yi 7Pm) :on Outrun 

a^= ? :noiKiin Kin opyjn 

nup^P ip o>\yp >Kn PnK ,3.7 nKiiwtttt noiKiin r>K rmi 
.rroiNJi irw PP*i nKiiwon jik g>w» kP :mwn 

_ v - Vo _ 0 - 1 
2 ” 


a = 


-0.5 -5™ 
sec- 


• innono ninpno (roP’tny nswn) nomn iwnmiyn 
.nm> Pdp 0.5m/sec 3 mop *tP>n nwno 

.nwnon miiKi -odd ntniai 4 m/sec nmioa -I’pn pi9 5 hd 
, 0.001 sec Kin mwoiinn pn ,yi9p Kin jmpon m>w nmm 

?*iron hoikh »no 


pi’Diy in>30 nKn ,mm>n x'? nimnon Ptiao nrraP noiKn v> 

.ninvn jin>non 
p^i’nn pi>99 nnm m>o> p>3n oK 
K>n nimmnn >i9P nivnnn nn 
| jiminnn nnK nn>noni ,n>3im 
:on o>iinin .fi’P>Po K>n 


O' 


4 m/sec 1 


-4 m/sec 


3.10 irs 


Vo = 4 S :v = - 4 s ^ :t " 0 001sec 


a - ? 


v - Vp _ -4 - 4 


t 


A = -8000 -- 
0.001 sec 2 


:n^iKnn Kin oPyin 
:1KDG 


nwnnn iii>dP ^i9n rmviDn >u>\y pi>9 >d ,noiKJi >nn 

.iWWKnn 


Vi < v 2 
a 

-► 

n^iKn 

Vi > v 2 
a 

-<- 

nuiKn 

: h n&An 


:)11M 


: *3 nmn 


:inno 
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w i pn nyuii - 3 


v 



nrnnnn *pa :3.ll irs 
rump rmNm nuum ,inTn ‘juj 


nyiap nsiNJia nyun Po ><ni din’ji 3.5.2 
Po nopum nmnnn Po <pin nn*o tuo 
?nynp n^wra nyum ,)mn 
v = v 0 + a-t :K>n *inidd <i*uno nnnoon 
nPn v-o pioo no> ip Po nKiioo on- 
.t Po nnoKin nptnp 
:do> ip Po nKiiooP >PPDn noon oP 
Po ymono D’Nii nniK ,y = m-x + n 
oy *rmnn rmpn ,a rejwnn Kin <p>n 

.vo K>n Y-n *io 


nsiKfln Nin imn Po nopjiaa Jimnon Po *pin yia>o 


ni’N nuiKnn >PPDn nnpoi .ji’PPd ko niponn .nni- unpin kPo nnoP) 
,mmn aoio jin nooo >oP .nnpiD ipn yia>o kPk ,do> ip Po yino 
Po mmn K’n nsiKnno ,pp o*np ivkd >d ,ny’nao m>n moiyn 
nnpon Py .npipiD yia’on K>n mm Po myoonni ,a = dv/dt :m*i>non 

(.plan <poD naninn *n*n >PPDn 
onpo nyniK ,(3.12 no) ,ttik <pja nani ,<yi.xn myooo nn )onP np 
•I’D’ pirn oonn Pd nyun Po oi>nn pion jik inn .ooio 
,nyun Po nnK noo nnxP ,nynnn nP>nm oonno tn« Pd Py Pdhoi 
P yo ^nn p*m m Py powo nn>non P*m .nyun Po muo >no nnNPi 

,«)iAn 

.a nyinp nuiNm ni>o> yn (v 0 =0) nmioo P’nno l 
-► -► 

0-0-0— 

.(nnt ipn yino) l ^nP nnv nnKm m>»> yn ,v 0 nmnoo P’nno 2 <)n 

-* -* 

-e-e-e- 

,(2-i l-o o”io >a Pm yia>o) 2a nyiDp n^iKm yn nnnoo P’nno 3 


0 - 


-0- 


-e- 


lii’DO) .-a' nyiDp noiKnn nyunn m>o’ yn 2v 0 nmnoo P’nno 4 <}ia 
( n>P>PoP maim dooq dPod doqkiio K>n mopi mPm nnoono 



2v 


o 


0 - 


- 0 — 0 - 


nyiNii miuj nuun ‘puj u^n nmn^a inrn *?Q] mT'nnn qna :3.12 nrn 
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pv> ipp nyun - 3 p^o 


nynp nsianp nyuno pnynn 3.5.3 
,o’iw d’pnyn f)nn ppiy o’iw d’imp raw ,nyap nip>nap nyunP tu'11 
.nyonn Pw n’3w Pop ooiy ^wnw pnynn mnwo nyiop nsiNno nyuno 
nyuno pnynn >u’ww nKPi ,<iia Pw myunn d>pm pood Py Ponto dN 
dy pp nyap noiNno nyuno pnynn >ia>wi ,yotn dy Poa nyap nyiNno 

.(inyipn pro dn <pAn ro>w kP *ny Po) pm 


t=0 

©- 


t = lsec t=2sec 

-e-©- 


t=3sec 

-©- 


t=4sec 

-©— 


niraj} niTTim nunn 


t ~0 t-1 sec 

t=2 sec 

t = 3 sec 

©—©- 

-9- 

-0- 


t — 4 sec 

_ mmp rm^ra mrun 

-e— 


t=0 t = lsec t = 2 sec t = 3 sec t-4sec 

©-©-©—©-©- 


mmp nunum nuun 


.rump nrpnm irapi nuwra iup .nsiNJU Pia ,nrKU Pm pminn ’irui :3.13 ivs 


t=o yApp inyun hn P>nnon <yup ,prn Pw n’^pAao pnynP >ioa worn 
yAoo ipip’dqwp (d’p^n p’wkpp myun nN P’nnnP o»n nP <pa) x 0 noipAo 

.a raiNii nnw nyuno yji ,v 0 Km m 

>ia’w pop v nyyionn nwnton po pwpn d»pno ,N>nw nyun Ppp ,<ipa PpP 

:3.1 dhiwo >9 Py ,Ax pnynn 



<pAn dH .ny^voon nrpnoP owo >io>o w> ,nyap nsiNno yp <pA pwkp 
:K> n py^idDD nnman ,t pr *tw)pp v nnmoP v 0 nn’naa 'pNd 

V = v ° + v 
2 



:N’n nyoiodn nmnon ,naoA nvnod 


dN\y ,n>d ny^uoon nn>n»n niyawo 
n>n ,n nysido nn’ntop yp nm <pAn 
>ia>wP nnt ,At pro iPw pnynn >ia>w 
.v-P v 0 ->o n^mnno nNAnno pnynn 


nimp nsiNiii nuuni nrnnnnn nmnnn :3.ia ivs 
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n\y> ipi nyun - 3 pis 


:pnynn ’13’wP ’io>3 P3p3 ,nyitioon rm’noP no ’33 worno ok 

Ax = v-At = ^~^--*At 

no\y mnon np’nn i’3 ooorn vnon ppi ,t=0 -3 lorn mno jik P’nio 
At = t - o = t :kid v nn’noP nyxnn pr i’3P ,v 0 nn’non nn’n 

Ax = x - x 0 :kid pnynn >o>\y ,x-3 t )or nnKP pnynn dk 1003 ok 


x 


= x 0 + 


Vo + V t 
2 


:P3p3 1 3’ii3 

(3.8) 


,nyi3p duikdo nyunn yin <\n y’xo vPk x pnynn dk hikdo ir nKiwo 
pr *[V03 nynpn n^iKD3 y3i v 0 nn’non x 0 pnyn3 inyun nK P’nnn ok 

.v nn’non x pnynP nr pr nnKP yom ,t 


.3.813.7 niKiwo mryo niaoo niKiwo >n\y *m>P niysK 
*yin3 3.7 nKIWOO v-p >1U’3n DK 3 ’23 ,pl’3’3 mWKin UK K120P >33 

.3.8 OKIWO 

Vn + V 

x - Xo + -1 ; V = v 0 + a-t :p niKIWOn 


„ _ „ t v 0 + v 0 + a-t „ _ , 2-v 0 * , a-t 

x - Xq + - 2 - t - Xq + — 2 —t + ~2 —t 


X 


Xo + V 0 -t 



:P3p31 3’23 
:K>n n’oion nmsn 

(3.9) 


,a nyi3p nswnn nyunn y3n <in yuo vPk x pnynn nK nnKno ir nKiwo 
.t )or fiyon nyi3p nsiKnn y3i v 0 nn’non x 0 priyn3 myon jik P’nnn ok 


iniK 3’23i 3.7 nKiwoo t pm jik 3*033 ,no\yn nKiwon dk PnpP ’33 

.3.8 nKiwon 

x = x 0 + ——t ; t =-— :p mawon 

Z 3. 


X 


X 


Xq + 


V 0 + V V - V 0 


:P3pP ’33 (a + b)-(a - b) = a 2 


:P3p31 3’it 3 

b 2 nnnxPKn nmrn vomo 


Xo 


+ 


2 2 
v - Vo 

2*a 
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*io> i pn nyun - 3 p ‘ia 


:K>n\y maion nmun nn PDpP nD ,o>axK mnyi 

v 2 = Vo + 2-a-(x - Xo) (3.10) 

nyiDp nuiKno nvum yin <px ynn n>PK v nimnnn nn n*mnn ir nKiwn 
*ty nyiDpn nuiKnD yn ,v 0 nimnni x 0 pnyno mynn nK P>nnn ok ,a 

.x pnynP yunw 

?nyiDp nuiKno nynnn ,imn P\y mupiiaD pnynn <px dkii *tu>d 
o>onn\yn nmKo ro’on .nm nPKiy Py nnyp >*td ,3.9 nKiwnD onnvn 
o’Dny on (v 0 ,a,x 0 ) o’Dnyn *iko Pd ,imP oia\y ,K>n it- nKiiwoo Kpm 
.v nimnon ny>ain idd ninnK niKiwn nmyp ,invD omPn opko ,o>ynp 

, 1 o 

x = x 0 + v 0 -t + 2 ' a,t 

Po nKiwn >dit pPi ,mw npvno y>am imn nn\y nKiwn K>n nKiwnn 

.nPlDDO 

n *WKD DD1QD nPlDDQI ,nU1Kn ’D1T *WKD ,n*W> nPlDIQ K’D DPlDDDH 
noiKnno Pdd oxi ,*ini> mu nPiDian *p ,*ini> nPm nuiKnno Pdd .noiKn 

.*ini> mu nPnnan *jd (oPninn nDiyn) mi> nPm 
pn T>pan \y> ’nPnnnn pnynni n>nPnnnn nimnnn P\y o»nPnnnn o>o*iyp 
min Py ny<wn onP ,tm>un nDnynP t»n>i nPman P\y oip>nn ny’Dpi 

:onpn noiPio Py Pddoj .nPianan 
.2a nuiKm nnnnn '{’Knn ^ix (2 .a nuwnn nnnnn ^Knn ^ix (l 

.-a noiKm v 0 nimnnn o’Knn <iia (3 
x x x 


t 

(3) (2) (1) 

-a nuiNJi (3 2a nuiNn (2 a nsiNi) (i :imn Dui n’spjiaa pnunn to :3.15 tps 

mum kvi nimnnn) nwnnn K>n iditi Po mupnaD pnynn <px P\y yiawn 
innw Pdd P*txi -jPid yiawn (l) <pxn\y dikdP noaKi ,(intn >aP pnynn Po 
>d ,)opi -jpin yiawn (3) <yuai ,*inv nn oupn P*ta yiawn (2) <pAD ,miy 

.mop mmnnn 

ninyi .nynp nuiKnn nynnn niPKiy inna ooP niKiionn Pd nK nnn’a 
.nPK niKiiwn mvyD o’P>xnn pnna mmpy Py vwDy 
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oiy> ipo nyi33 - 3 p^a 


nynp d^ikdi nyuiiri niNnou jnryi o»bmji inns imnpv 

3nN b33W ,0>31W 0>yt>p 03t>»b 031N pbnb V’ ,nbNVn 11033 3b>n33 .1 

fliNiivon b3 .nyiap 3io>no3 in ,nyi3p n*iN33 N>n nyi33n ona 
nyiap nsiN3n ia yopi po bsob 3ibi3> I3n3>sii> 

Nb N>ni no>a3) o>o>yn 3>vno fiN oinab w> ,nyi33 b\y yap bs >axb .2 
aiob .mniin >o by 3>ay3 no>nan ,nyi33n ba >ai>nn in>3n 3ni (njinj 
1ii>3n jini ,t=0 yxoa <inn n>n na noipia o>o>sn jin o>oma 

.nsiNnn in>3 in ,3>3bn3nn 3io>nan in>aa nyunn ba >avnn 
nbNaa o>y>aian o>3oyn onw bab ox >ai>nn m>3n Nin onain iivan 
o>aao3 o>3i33n .aanb 7>o:*a o>obyim o>3i33n ba ba na>ao mayb a> .3 
>ai>nn iivan jin onona on ,baab) .nyunn b v >ai>nn iivan ao>na >ab 
oiaob 7>os ,nbNaa 3 m/sec N>n 3io>nan t iat onNba 11331 n3>a> 

(v = -3 m/sec :nbNan >31333 

3N 0N3an <1330 3N (0>030a >ba) >313>N piN3 *l”3»bl 31©3b W’ .4 
333nb 13 ory>nbi ,nyi33n ba yxo baa ,iatn n>sp3iaa 3io>nan 

.nyunn 

a> OSyaa 73 ,3.8-1 3.7 31N11W3 >3aa 10S13 1333>3a 31N11VOO b3 .5 
1>0>a 7’0S 31N11VO 2 3133b >33 ,31>lb3 >3b3 31N1iaa 2 pO 13>3iaOa 

33b3 0>Dby3 2 13b 

,x - x 0 aoana ,3iNfitJi3n b33 ,o>y>aia x 0 > 3 bn 3 nn p3yni x p3ynn .6 
.Ax Nin 3>n>n obyin NbN o>abyi >3a iNa i>n osyaa 73 
13>N x 0 -1 03>aa ,X Nin On>3>3 Obym ,1133 13>N X-1 ,1133 x 0 —1 n3>K>3 
13>3 o>3i33 Nb on>iai no>aai ,x 0 Nin on>3>3 obyin 7133 x-i 1133 
Ax-b p*i pb on»33 obym Nin x tni ,t>3N3 13312**13 x 0 3N *nn 3 b 

obyia 

nyim ba yap baaa 73 ,(v 0 ,v,t,a,Ax) 5 Nin >bb3n o>abym *1300 .7 

3N 0133b 0a3Na >33 ,(x 0 bbl3 Nb) p1>33 0>3133 3 31>nb O>3>03 
ba 3nN nyi33 yap 11033 b o>3i33 naibaa 03i> 3N*a on .nbNan 
N>n 3iyana >N3iib 3iop) <o>3i33a 3iyo 7b a> ,nyi3p naiNaa nyi33 

(o>3ia nyi33 >yap >3aa o>3i33 3i3oy 

3iNiiaana 3nN boa .nyiap nsiN33 nyi33n oiN>3b 3iNiiiyo 4 iin3>3 .8 
n 33 iyon .(p3ynn bw 3>n>n obyin Nin Ax) o>33v/o nyaoN o>y>3io 
:nNiiiynn 3> by o’ynoon o»oaio3 y>sm nNiivoi y>3io 13>nv 


(3.7) v = v 0 + a-t 

[Ax] 

(3.8) x = x 0 + ° 2 -t 

[a] 

(3.9) x = x 0 + v 0 -t + *-a-t 2 

[v] 

(3.10) v 2 = vq + 2-a-(x - Xo) 

[t] 
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3o> ip3 nyiin - 3 pna 


3koi ,o3yini ta'iiion iwPo t>h o>n«mi Two oPapo uniK 3 ok 3 
na nntmn an nnaj nr miwo >a 3y .333 y>aio k3o mK miwo 
oorwj ,t pm Kin y>ai» k 3 3330 mrwon ok , 3 oo 3 ) .oojwa 

(3.10 nKiwoa 

o»iwn3 o> rro ,nnK nKiwo narya n3Ko 3ina3 'aoaN -pon h 3 .9 

o>o3yj >ioa jukiwo >iwa 

>jwa o»iwn3 o'aniai ,nnK nKiwoa ooiwn3 noaKo napoa oa .10 
.3an nr .am> naiaK iiana3 “pin .1133 Kin iianan ,nianK jiikiwo 


.1 m/sec 2 3o nyiap nsiKna nnuoo ^’Nn 33*1 : 'n noAn 
?5 sec anK3 aaan 3o pnynn mo .k 
? 5 sec anK3 aaan jmtfiD mo .3 
?l0m 3o pnao aaan ni3y> nyunn n3'nno pr nos iin a 

,Kin ifym ,nmKim n3'nn naipia o'amn nwKa nn anai :k :pnna 
yiiPa nyonn 3o 'aimn pvan iik anal .x pnynn ,p3 
:on (x 0 =o 33ia k 3) oowm rwi3o .nsiKim 
a = 1 m/sec 2 ; t = 5 sec ; v 0 = o (nnuoo n3nnn) 

anal p3i ,v niamon Kin n3Koa y>aio k3o amm nirwon 

.3.9 nnoua 

x *§■ Xo + Vo*t + j*a*t 2 = 0 + 0*5 + 1*5 2 — 12.5m 

.12.5m Kin 5sec anK3 .aaan pnyn 
jh'vwgk naan v (x nr napoa) 'y'aan pnm iik’ud anK3 .3 
,3.7 nKiwo .ani’a no wan nKiwo3 anai ,n3Kon )inna3 
:x-3 rim i»k n3 >d ,nnpo 3aa o'ania U”n nao 
v = v 0 :+ a-t = 0 + 1*5 = 5 m/sec 

.5 m/sec K'n 33m niamo 5 sec ann3 
>3 ,vrrno nnam3 nam n3Kon p3i ,pnyn 3y wan )iru \y> .a 
3o o'limn .nyun 3o wan yop 3y iway o'aaao iiniK 
.O'omPa oi’K 333 n'Dion mamoni pm 
:on iway doimn rwi3o .t pm Kin iway o3ym 
x = 10 m ; vo=0 ; a = 1 m/sec 2 
;|33aa y’Gio ii'K v ’ 3 ) 3.9 nntma 3W anal .x o =0 <puai 

x = Xo + vo-t + ^-a-t 2 => 10 = 0 + 0-t + |-l-t 2 

t 2 = 20 :t-3 n>yi3'3 nKiwo >mr 

t = ± V20 = ± 4.47 sec :Kin nKiwoP 'oonon finnan 
.4.47 sec Kin pm p3l ,'3>3o pr3 riPOOO I'K 
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ipa nyun - 3 paa 


>11>W IDO .2 m/sec 2 PW nyiap nUIKna ,nni300 fNQ 3D*1 Pa 
?nyunn Pw ninwKan mown >nwo nnK Paa aaan Pw pnynn 

nmpiP niawn vk pPi ,Ax pnynn >n>w Kin nPKva oPym 

,x 0 pnynn nano nPmn 
,Ax pnynn >un» ymin pa niKiwono nnK Paw aiatP awn 
.nyunn nP’nno pnynn »iw jik naKnn 
Pw pma l sec a>23 nnwKan n>wa pnynn m»w nK KianP >aa 

.ptn 

v o =0 ; t = lsec ; a = 2m/sec 2 :on oninjn nwiPw 

Ax ( o > i) = x - xo = v 0 -t + ~-a-t 2 = 0-1 + 2 - 2 -l 2 = lm 

pnynn mw nK Kam ,nnwn n>wa pnynn mot un kisdP na 
nnwa pnynn »u>w nK woo i>owi .nniwKan nvwn mwa 

.nnwKan 

Ax(o-» 2 ) = x - x 0 = vpr.t + ya-t 2 = 0*1 + }-2-2 2 = 4m 
Ax(i-» 2 ) = Ax(o-} 2 ) - Ax( 0 _* I) = 4 - 1 = 3 m 

AXf 0 -> i) Ax ( i_» 2 ) 

r—-:-—-——--—-——*1 

i Ax(o-> 2 ) : 

——- 1 ——-pp-■ ■ ■■ ■ —-—V 

t=0 t = 1 sec t=2 sec 


PPia ijnunn ’lj’iu -pi unann Kin .nnnon rrjun pnuna ’ot :3.16 ars 

nnmn ‘j'jia k'j pnunn mam rr juin 


aii-oaa pnao 90km/hr Pw nyiap niamoa nym noian xni :n 
. 0.8 sec Kin xmn Pw naunn pt .uno loom pnaoa ohk 
? ait>ann nap pina aay>np na o»KnP i>Py noiKn W’Ka 


nn>syp na’oa xnw vroo ia yxana pw Kin nannn pt 
Py noiann nK Pyiaa aisyp P>nn>a Kin ia yxan ayi pmaon 
yuP n’liaon nawnn nannn pin .oaaPan Py na>nP >a> 
.o’KnP nP>nnn *ja anK pai .nyiap nia’noa 


atiy aK>a pniamn maun aiK’nn) n>yan Pw mavaiK’na P>nni 
nynn :nmai myun >nwo naaava nynnn .(nPKwn manP 
ay nyiap nowna nynm ,0.8 sec iwoa nyiap mlPoa 

pa ,pP ,mni <pxn .na»syp 


nmia 

: llano 


nmia 

: liana 
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*iv> ipa nyim - 3 p*ia 




} naunn ppn 


noNnn p*?tt 


.rmum nnan *?ui mmin imn ‘juj rpspji33 nrnrmn sp* :3. i? nr** 

>n\yo inaira nyunnv o’Nn uniKi ,pio *nAn hkww *wkP 
jumpy wma nmmv maiyn jik marP ii>Py ,mw niyun 

:d>P>vuin ivwa 

•wan >ki ,/ihK nyiap nyiKiia nyiifl nnKflo iiiKimin 
UK p*iaP o>a»n .mowon nniNa liw Jiiyiin >iw i»a aPvP 

,*naja aPv Pa *miaPi o>pPnP nPKvn 


.dn>yn n>vma (x 0 ) pnynn ju>*to nPrnii rmpi jik anai 
.nyunn pvaa ,pida ,Kin >ai>nn pi'an 
:nyiap jm>noa nyun Kin nyiijm Pvy pwinn pPnn 

— :K’njinmon 

sec 

pr pina kid nyiinn ^Pnoa pm u>v 
m :Kin pnynn >u>v 


-ry (100 - 20 = 80) 80 m *tiy vikvj ,nyun P v nr pPn nnKP 
.nyiap noiKiia nyujia aam yi dJiiKv pironn 
x o =20m -a Pmno aann iP>Ka nyuji Pw nr ppnp t?n»jinP p>D 
nPmji rmpaa K>n o>n>an ji>wk*vw ik ,x=l00m-P ynnP vpyi 
(Ax = 80 m :n*ipo Paa .x o =0 ; x = 80 m :rKi .noiKim 


Ax = 80 m ; Vo = 25 —- ; v = 0 
u sec 

a = ? 


:on dmmn jwiPv 


moiKnn Kin dPym 
:(y’ 3 in ii>k PPa pm >a) 3.10 nKiiwaa mdjwi 
v 2 = v§ + 2-a- (x - Xo) = v§ + 2-a-Ax 


V 2 - vp 
2-Ax 


0 2 - 25 2 
2 - 80 


= -3.91 


m_ 

sec 2 


.nnyina Papjin nomnn Pv (-)-n p>o ,aw 
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->W> Ip3 nyilfl - 3 p*lO 


nn>not> 10 sec 7wm .nnuoo inyun jin p’nno :on :"rnmvr 
*ty 5 sec *pii 0>K0 *p *inN1 ,20 sec IT im>noa 30 ,90 km/hr 
? 3 D*in bv Oton pnynn m>w mo .n*ioyt> 

niwKin *T*rtn .now oo*i*t own pnyn o>t> mt>Nw -nna 5 ino :p*>na 
wiow mm H>n n>wn Tnm ,unn>av inn i won mno N>n 
,mWN*m *r*m 30*0 huso ,)otn tw n»upmap nnmon cpxn 

.p*ian ivonn ioj novn *p*Tn jini 

pion jini .moon ni»nn mipo onon nwN*i jin mm 
.Ji>n 5 nnnn nmNnn inon n 3 mjm tw own 
.*nain ono inn to iwoji o>3>op nvitwt? nywnn jin pbm 

x = x 0 + v ° 2 + v -t :nnom )no pnynn ,iwN*m yopn 

:an iWNin yopn tw ooinin nwitw 

v o =0 ; v = 90 ^ = 25 — ; t = lOsec 
hr sec 

,x o =0 (ooinin now*o ,100 ,iniN *mto Nt>) otmm 

0 + 25 

x — 0 + —^— 10 = 125m :Hin iWNin yopn *mNt> pnynn 

.nyop jmmon nynn hid own yopn 
I 20 sec :on ooinjn 

:N>n nyop nnmon nyonn nniwo 

x = xo + v-At 

x 0 = 12.5 m :125m Nin nyonn tw nt ptm tw mtmnnn pnynn 

:Nin own yopn *mNt> pnynn 
x = x 0 ■+ v-At = 125 + 25-20 = 625 m 

x = xq + —-~ ~-t trmtmn ,aw ,p»>i puynn ,w>twn yopn 

Ninw mPnnnn pnynP did) w’twn yopn tw oowun nwi>w 

v ( )=25 m ; v = 0 ; t = 5 sec :on ( xpS6i5 m 

sec 

:Nin wOwn yopn innY pn3>nn 

x = 625 + 25 2 * °-5 = 687.5m 

,687.5m Kin nnnn bv >t»ton pnynn 
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nw> ipa nyon - 3 pna 



nj’D’ 2m nN^mn nupn inyon m'to nt>’nna ,Naoi ins 
ay .mxa> 4 m/sec nmn y;nn mwa immnoi ,o>man mwano 
.2 m/sec 2 na*mw nannw nawn ,inyon na>nno ,nPyia 'man 
nnK PaP ,on>s nanyo ay wmnoi <iun oipna nn yooaw 

.inyon aw noiw*nn mown wono 


n n»>n 


mnannnn mmnon >a ay ,noo> >ai>nn [man t\n nnai 
4 m/sec :Nin >nannnn ason iW’n 


on ooimn nwiaw , nowNan nown anna pnynn aiw’na 
■ v o~4 ; a=-2 ™ (>a>awn }ii>aa mmtnn) 


x 0 - 2m :<poai 
:Nin pnynn 


K»n nmnon 


maiwnn nn raao .mnan mown yaana awn: naian nmna 
:o’a^ono ann aa aw aiK’nn n« a>apna a’oo .naaoa 


t [sec] v [m/sec] x |mI 


3.18 nrs 
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pw> ipp nyun - 3 ppo 



,2 m/sec 2 N>m ,nyipp imiNnw nninp ,100m mnp npnnn 'p 
?pmon jin iiid> pt nop pin .15 m/sec N>n n>9it?n inipinoi 


i nmn 


(nyppN) aoim no inn it nPNWP v>v nNPi iwnp opop pnns 


n’lpn nn»n ,nnN nNiiwnp npynP nPNn oomin Pp np’npp 
yxpp n>9it>n inn’naP yon pn\y nnmn N>ni ,nnpj nP nmn 
v nN iiNiwon nnixp pnnp nm >p) nnoan ipp yoo Nin ip 

.(x nNi 

iniP’noP yon pnw N»n nriNn nvwDNn ,ni’iPW9N >nw mn”p 
nponn ip iji pi) ,nunn Pw mwpp pPwp n>Pn>t>pon 
py *ppn Pp p’NQ s pnw N>n nown nipwoNn .nyipp nnmnp 
.n»9ion inipmnP yon nP PPpi ,oi>on ipp 
:p ninpwQNn >nv> ,n>9px ni>mn 


n miuraN 


3 milUDN 


trvnuin nsnn yin iiwarfi nrmiJDK ^jud :5.19 irs 


ppiyv pnpon nn pvm ,diipi nimw9Nn >nwo >n pmP np 
:iPv n’Pn>t?pnn nip>naP yon Ninw py yin 
v 2 1 vo + 2-a-(x - xq) 


43.75m Piy ipnvi yiP ,ntnppop mipi niWNpn nmaNn 

.nyipp nipmnp pipp 
:nid .npiNnp nwyiw pPnn ,(ti) pwNpn pPnn *jpnw pm 


:Nin ,nyipp nrvnm nwyiw ,(t 2 ) own pPnn -jpnw pm 
Ax _ 43.75 _ „ ... 


Nin >PPpn pm 
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*io> ipa nyon - 3 pio 


mm oa ,nyi2p nmxn 2 nyom mm unaP po ,rnxnoo2 oio>o oipQ2 
,<pAP nnno xiP2n noon 210’ni ,prn ^ n>sp 3 i 92 nronon Po <pAn *iioj 
py nxr n’20 piAn Po pnynn >o>oP nno <)*iaP nnnoo noono p’20 nxr 
v 0 ni*i>noo nyi2p nsixn2 nyonn yin moP2 <iia Po <pA Py mP2non n> 
.o>ooo 23110 <pAP nnnoo noon .v nn>noP t pr *inxP y>Aoi 
Ai = v 0 -t :mooo (Ai) pPo 

a 2 = (v zJ°h± unooo (A 2 ) 0P100 

:o>y*Ti> unix 3.7 nnooo 

v - Vo = a*t 

:xin <pAP nnno >PP2n noon pPi 

A = Ai + A 2 = v 0 -t + ^a-t 2 

:x>n nipoon .3.9 nnoo >a Py ,x - x 0 pnynn >o>oP >io>2n mro 

>u»oP nno pm Po n>sp3io2 m*i>non <pAP nnnoo noon 
*pAn Po pnynn 



PiK ,nxr non xP .nynp nn>no 2 nyon ’2AP da ropoon nx o»x*i 

.nyon Po aio P2P mi 23 i d>PPd x>n nxrn nipoon 
>oP pnynn mrAi x>n nmnono p’20 ,iP nr ii>x P*iAOi>xn aoioo ’oP) 
Po n>9*iAn niyoooni ,prn >9P nn>non Po PiAOi’xn xin pnynn rx ,pm 
(,n>PP2 x>n nipoono ‘11120 72 ,<pAP nnnoo noon xin P*iAoi>xn 



noAU 


72 *inx ,126 km/hr ni*i>noP *ty 20 sec 1002 nnooo 7 >xo 22*1 
nynp noixn 7 m *rayi 7102 P 1 ,30 sec 1002 nynp ni*i>no 2 yi 
? 22 *in Po pnynn ni’o mo .50 sec 7002 


p <pA2 m>n>non .pm Po n>spii92 nmmon <yiA nx 00*102 
v = 126 km/hr = 35 m/sec :pPl ,m/sec -2 *non 

v [m/sec] 


rmon noo xin pnynn >ii>o 
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nw> ipa nyun - 3 pas 


roiwo nywn 3.6 

oa imhk wdwP niPm> ,nynp miiKim nyiinn ukoiP iinnmw niKiiwnn 
miiKnn poko Kin nnpon .mnwo nsiKJin nyun Pw irn’o mpo *iiK>nn 
.ymp m>w Kin yA*i Pan nsiKnn m>w *ioiPn ,’pkvP piKn mnwo 
a = a 0 + art :Kin pvn Pw nmpiion nsiKiiP >io>nn ,nt nnpnn 

mtiKtin m>wn mon Kin a t -i ptn mno nP’nna nsiKiin Kin a 0 nwKn 
n^iKnn .nyunn *jPnon oonwo kPi o>yinp on ai oai a 0 oa .now Pnn 

.t ptn mmpnn PPAn p*i mnwo 
K>n pvn mPnnw inn oomP nKn >*iki>P m>w Kin nsiKiin m>\yw nnniyn 

.mriK nptn ton kPi t Pw miwKin npvnn 

:K’n t 2 p*P ti ptn i>n nysioon n^iKtin ,nv nnpon 


a (ti^ £2) = a £l 2 &t2 :’*iNi^ piKn mnwo nniKtin 


(3.11) 


:<pAn nKt *iKm 

a 



.■Hurt 131^1 runuin nsiNiin hukd nusmn nsiNJi :3.22 tps 


ptno ny^nnn n^iKni yi n>n <^un dkw ,n>d nysi&nn nsiNnn mym>n 
yon n’PK nwnoP now nn>n t 2 -n y00 mn mPK nimnon ,t 2 ptP ti 

.mnwon nsiKJin yin inn nt ptn 
n^iKnn ntn ptn yopn yi iP>kp inn Pk on»nnP po ,nnnK o>P>on ,ik 
dk a oipon nmnP ,nt pt yopn ,pP poi pysinnn n^iKtin kviw nymp 

.nymp nsiKnn nyonn niKiwon wnnwnPi a 

rnnwino K>n in ptn yopn n>iPn nysionn nsiKiinv mntP mwn 
nP>nnn nysionn naiKiin hk omwnn o»n ok ,imn -ikidow nnpon PwnP 
wonwnPi nP o>wP ,pp vn .*im> mop nmn nysmon nsiKJin ,nynnn 
inw yopn mAP pn ,a nysioon nsiKiin oy nymp nsiKna nynnn niKiiwon 

.nnwin K>n 
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1 pH ni»13J1 - 3 pna 



nmvr 


iawi rma uuntenui iia 'mu ,imn 7 m .TspnaanswnTU : 3.23 iVs 


:k>d 10sec-i nysionn njOHiin .n 
2-0 + 2-10 ^ m 


3.7 dkiwd mm 10sec *inKt> immon hr ksdi .x 


on o>jinin 


K>n im>non 


.uron ,niw imioon nsiKnn .t 


sec 41 


m 

sec 


hk ^>nno <pxn .a = 2-t mowon »a t?v mnvo ^ix >v imiKft 

.nnuoo inimn 

?imn tw n’spnai nsiKnn <i*u nK*u tr>i .k 
?nyur>n Pw niiWKm mow 10 i imionn nsiKiin »nn .i 
710 sec *mK> <i«n y>xo n>!?K nn>non >nn .x 
?5 sec *inKi> <iixn im>n» >no .7 

.2 iyia>vn o»*i>un jvwkio t»nnon *w> ip Kin <yun .k 
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nv» ipa nyim - 3 p*ia 


(♦bbD Jin) 1j?3 iWMl ^ >9*1> 3.7 

iPnap 71A Pvt Miyun nun hn onNnnn o’tnyn nvtiPvtvt p*ion *rPnop ii>N*i 

.nvp nv omvtp nniNnm nmnon ,pnynn :pKi 
•lorn im>non Pvt ni’vtn N>n nniNnn .prp pnynn Pvt ’U’vtn N>n mimon 
’ii’vt dn pvnP ii’Py ,>yAi piNP ddipin d’pnyP ynnP nnvt ,inoN 
nN Pnpi tn pm ,t>9NP o>9Ni\yn pT >p*i9p ,nniNnn >iw nN in ,ni*i>nDn 

:>yAnn no’pn 

v = ~ (At -» 0) a = ~ (At-> 0) 


nniNnni nn’nnn Pvt n*mnn dnypvt ihon ,iP npio nnvAin Avtimt >dP 

.pvn >9P nmnoni pnynn Pvt imt«n on d»yAnn 


V 




= V’ 


.rmpn <pAn Pvt yisnvtn nid (mvAin) >u>vtn Pvt niynvtdn ,n>9*iA ro>mn 
n*nn >nd mvto nPi ,niipi Pdp yitnvtn ,pvn Pvt n’npuop pnynn Pvt <pAP 
yitnvtn ,pvn 7vt n’npiiap nmnon Pvt <pa:ji ,n>yAnn nmnnn Nin , 7 *nn 
.n>yA>*in nniNnn Nin ,<run nmn ’no njvto nPi ,n*npj Ppp 
nynnn nvtNP (3.24 *n>n) pvn *jPnm 71 A Pvt inip>o jin iNnon <pA *iniu 
x .d’ynp nniNn in ni*nno nPyp m>N 



.imn ^uj rrspjia:) iinunn =p;in uiEruj ipwnn mT'nnn :3.24 tps 


ppi -yPm ,(n>yAnn nmnon o»n) <pAn Pvt yitnvtn D-i A nnipin yi 
nnipin oqndo Ninvt *ry , (B nnipii yitnvtn p inn pp C nnipn yitnvtn) 
■pin pnynnvt nvtvnti n>P>Pvt nvnno) >P>PvtP yitnvtn pin it n-npjd .D 
(Pin>o mipi riNipi) E nmpiP iy oPnmn ipnyp Ptai pin yitnvtn .(ppi 
turn) no pTP yitnvtn otmno it mipip .F nupiP ty ppi pin p phni 
P’ nna pivt ovt G nmpiP -ry ,(>yAP piNp pn yitnvtn ot>Nnn nvt D n-npiP 
nP>PvtP io^y pnynn 72m H nmpip .oPnion ipnyp PmP yia’vtn 

Jin’non <pA nin>iP oa ip vtonvtnP nvtQN ,ppPp >9*ia Nin nin>invt iivpo 
. n^iNnn N>n yio’vtn niyovto oysnvt Nin Punn .pTn Pvt n>npii£D 
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ipi nyiw - 3 p*ia 


il’SD» nyttfl 3.8 

AIOWA D9\y>b O’bOIN IWAN *l\yNb .D”OfV O’AYm OD HSWn OA1 nilWO DA 
On>l DD1DDD im’DDVy ODIIbntb liniN ,”90 km/hr nn’DQD nyi n’AlbQ” 
mnK n’llbQb Oh’b nibWO Nb .90 km/hr NW nyt>11 NW Vby V’bbb 
.n’libttn *jwb nsdid Amb onn nnwo n bi ,noa by nabinn 
b’Qn nw rumn ,ni*pn»n ima) nob onw bbb onma Nb b\yNb\y ,*inb 
,(^*iKn imb onw yi Nbw *wn <pA bb in ,n>b in ,w>bb in) yind *mbb 
,^“ind *mbb t?n>b o>an >i\y bw msiNnni nimwon nniwp *tb>b ,bbN 

?>3\yb t>n>b *rnNn onwibiNni onwimwob 
windavt *iqdd by bbnoi 
.90 km/hr bw nnt nnwob ,it *wn it niyi ni’iibo w\y :.»k imxrr 

—*>-v: - : ■ ■ * 

90 km/hr „ 90 km/hr 

Hi .25 UTS 

pirn >ivn adad jin dnii ,)ibnn *jtt bbnoan onninib tnN bb 
,m>n bbin oipim mnu pN ,i>bN t>n>b\y *p .oipan wind 

.09N N>n o>bbin pb n>on>n ijPhoni 

nmnob niWNin ,pi>bn wind it *wn it myi nviibo w\y r’bnmrr 

.80 km/hr nib’nob n’yyni 90 km/hr 



80 km/hr ^ 25 1VS 90 km/hr 


bbini ,90 km b mnnn bbin o*rpnn ,nyiw bw nyw bfiNb 

.80km-b Dtpnn >o>nd 
pirn lOkm-b -vnon bbin hod pnnnn >o>Nn bb*in ju’nbD 
.10 km/hr N>n n’onw wi*i>now *p ,wy>oi 
pi’bb lOkm-b >d>nd bbin nan pmnn ,b>nnn bbin ni’nbn 
.-10 km/sec nw n’onm inmnov *p ,ny’D3n piob -pan 




.90 km/hr - nnt nbtiAv nnvinb it nniyb it niyi mnibn w\y : ’A nmn 



90 km/hr '15.25 ir*s 90 km/hr 

*p 180km-b ninibnn pb pmon nupnn nyiw b\y ny\y mNb 
.180 km/hr N>n onnw n>on»n nri’fianvy 
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nw> ipa nyon - 3 paa 


nni v A -i iwxan ma’no hk pto .dniwoi ninmnn vnP\y dn oato 
pto A <iiaP on>n B P\y n>tm>n nim>non dn ,v b -i own <iun nia’no 

:Kin a\ypn .v B , A -n 


Vb.A = V B - Va 


(3.12) 


:nNiwon >d Py ,i>n> ,Dtipn aioya UKnnw niKOAnn 

v b ,a = v B - v A = 90 - 90 = 0 

v b ,a = v B - v A = 90 - 80 = 10 km/hr 

v A ,B = v A - v B = 80 - 90 = -10 km/hr 

v b ,a = v B - Va = 90 - (-90) = 180 km/hr 

>Pqik jii’aa pH pur nP’n .4 m/sec P\y nypp nia’noa p nP> :fi»m 
.ypapp on’a pnn roa’no ’no .I’Ph t>n>a l m/sec P\y rna’noa 
.nsmnn pvaP *m’» (H) .nyonn pma (I) :npap pNri ok 

:on ooiron (I) :liana 

?a = 4 m/sec : ypapp t>n’a (a) nP’n im»no 

7 b ,a = 1 m/sec :*rP»P t?n»a (B) pnn mamo 

(aP>n Pv nyunn pP 3 n>n >a jipvn n’on>n im»non) 

:ypapp on’a (B) pnn tm>no m ksoj 

v B = vb.a + va - 1 + 4 ||| || 

:on ooiiun (II) 

= 4 m/sec. ;ypapp onp (A) Sf§tn rm’no 

7 b ,a = -1 m/sec :aP>P pn’i (B) pKn nia’no 

Pv> nyonn pop fpn ppa K’n p n’P’Pw n’tm’n im’non) 

Ugn 

:ypapp tmo (B) pKn nia’no m hsoa 

vb = v b ,a + y A = -1+4 = 3“ 


:n>on’ nsinn oa anAnP po ,n’t?n’ im’no uaaAn ni naisn nnina 


3B.A - 3b ~ 3a 


(3.13) 


.nmiopn niKiwo p 3.13-1 3.12 niKiwon ’nv 
:o’aaa o\y moPP po pao 
.nniwoa o’a’uoiy imiKnni ni’ia’non P\y ooii’aP n’on aP o’wP v> .1 

nyunP oa nio’Nno kPk ,a\y> ipp niPaAio HP ninnoon pap’ya .2 

.5 pain aam aw’oa ni’on’ nim’no Py .anaoai aivnoa 
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ipa nyiifl - 3 paa 


plan oia»o 

.pt mpa u>«< - nyun 
m/sec p nn>n>n ,p*3 *P ^ ptwnr> >u>v asp - v - jm>no 
m/sec 2 p fln»n>n .pta <p Pv im>n»n >u>v asp - a - dsinji 


- = Ax = x 2 ~ Xi 
At t 2 - ti 


:v nssi»» mvno 


V 


Ax 

At 


(At-»0) 


nn>no 


v 


Ax 

At 


a 


Av 

At 


a 


Av 

At 


V2 ~ Vl 
t 2 “ ti 


:nyiap *n>no 


:fly*)oo nsiNJi 


:nynp nsiNfl 


t ion nn>no - v ; t=o pan nn>no - v 0 :nynp fraiNfo nyiiw 
t ion ptiyn - x ; t=o ion pnyn - x 0 
.nyunn P\y mnon nP>nno iot - t ; - a 

v - v 0 + a-t 

v 0 + v ^ 

X = x 0 + —2 -1 

x = x 0 + v 0 *t + ^-a-t 2 
v 2 = Vo + 2-a* (x - x 0 ) 


a (£i 


_ a £ i + a t2 
£ 2 ) ^ 


:»aNi>b piNa niflvo nsiNna 


Vb.A = Vb - v a 


:A »pA* on>a B <p Pv n»on> jm>no 


a B,A - a B a A 


:A owP otva B <p Pv Ji>cn> nsiNfl 
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i\y> ipa nyiiii - 3 p ‘is 


nimrn nn*no pjiyn j»a o”ba’o»vr3>a3>Nn onvpn - nato 

rmnin tinman Km n’yAnn tinmom ,pra pnynn >iw Km mama 
t?9KP na’Kvm np’DDnon mwa ,t>9KP <ikw tmai k>d n pm yop n\i»Ka 


,. Ax 
v = lim /w 

A£-> 0 '-XI 


:Kin n>yAnn tinmnP >iv»an ppi lim -a nmvn 

A£-> 0 


.pm >9P pnynn P\y mum Km niimon ppi ,mrAm jm>n Kin nr non 


v = ^ = x’ :prn >oP pnynn Po mum K>n nivnon 


Po Kin nwn mno ov9n .nnnnn nmKnn jik *i’*taa nmnn nniKa 
n*rrm in pm p*i9 nvtKa hd>ji nnnnn nsiKnn .pm n>yA>nn niamnn 

.09KP <)ko’ npAnn nnmon 


3 = lim At 
At —> 0 £Xt 


’9P unman Po mum Km nmKnn ppi ,mum rnmn Kin nr non pw 

.pm 


a = ^ = v’ :pm >aP nnmon Po muin N>n nsixnn 

yaim ,nynp nmKna nyimn onno imiKo niKiwon pa aopn dk nK*o 

.way ukaioo onopno 
msiKnni nnmon niKiioo hk moo ksoji ,pnynn nKiiooo Pmm 

- 1 o 

x = x 0 + v 0 -t + y’ 3 ' 12 

- dx d, , 1 

V = X = -jj- = ^[Xo + v 0 -t + 2 ' a>t 1 = v o + a-t 

.nyiap nmKna nynna nnmon Pw nPmn nKiioon >mn 
a nmKnP mm»nn m’un prao -pa noiam nyiap nmKn iro nnaiyn) 
.(iniK da aiuP *p*m/ ,pra nPnn Pan PKa kPi ,yiap PKa 

: nnmon nKiioo mrya nuiKnn nKiioo nK ksoa 

v = v 0 + a-t 

a(t) = v ' = ^ = ^[v 0 + a-t] = a 

.pra nPn ia>ko yiap P*tia Km a nmKnno nKmnn hk uPa’p 
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*iy» ipa nvnn - 3 p*io 


P\y mmrt K>n v nn>nnn ok ,!nxox>Kn K>n nmP naionn nKiwnn 
.imn >aP nwnnn P\y 'p- ixoi’Kn Kin pnvnn ik ,prn >oP pnvnn 

rt2. 

x = / v dt :ptn >oP nivnon 'pv Pnxtn>Kn Kin pnvnn 

't i 

nivnnn i-k ,ptn >aP nivnnn 'pv nvxxn K>n nuiKnn ok ,nnsn nniKOi 

:ptn >oP nsiKnn 'pv yixoi'Kn K>n 

/ ^2 

a dt :inrn »ab nsiKnn *pv *nx©j>Kn Kin nivnnn 

.-pann pirn ox ,pp ,Kinn^ pin nvnp nsiKna nvonn niKiwn jik 
nKiwnP v>xnP nnnxto’K nPiva >n\y >*t> Pvi a nvnpn nsiKnn p VnnnP 

.pnvnn 

v = J a dt = a-t + v 0 (nnnxoVK vnp - v 0 ) 
x = Jv dt = /[v 0 + a.t]dt = v 0 .t + I.a.t 2 + xo (nnnxoJ’K vilp-xo) 

:K>n pmn 'pv vupnoD ,<px 'pv pnvnn nnon :nnxn 

x = 4 ‘t 3 - 5 *t 2 + 6 *t - 3 

?imn 'pv nmp3io:> nsiKnni nivnnP nonin inn .k 
? nvonn nVnna mvnnni nsiKnn >nn .o 
?nvnnn nnis >nn .x 

v - ~~ .= —| 4 *t 3 - 5 *t 2 + 6 -t - 3 ] = 12 *t 2 - 10 *t + 6 .K pinna 

a = U ,! - 112* t 2 - 10-1 + 61 - 24-1 - 10 

dt dt 


v 0 - v(t= 0 ) - 12 * 0 2 - 10*0 + 6-6 — .2 

u sec 

a 0 = a(t=0) = 24-0 - 10 = -10 

sec 2 

,n>nPnnnn nivnnn pipp -pan vnPnnnn nsiKnn pip) 

(.noiKn >nn nvonn nVnnn pPi 

.nxniyn nuiKno nvon >mt pnta vPn nsiKnnv piPn .x 


-64- 












niy> ipi nyun - 3 pm 




JiibN\y 

?wi niiNn >noi n*yA7 nrvno >no .1 
?pnynn an noiioi onomP>pn 70 ntnn o>nmi iP’ni .2 
?nwnn jmmoP nynoon nivnon nivu o>Nin iP>ni .3 
□a iP wv *po i»nno ONn ,niiNn <)iAP \y> onon yAmw pm ok .4 

?yAin iaini Ai7>no 

?nyiiAn pn Aymoon im>non aPqioP mw pAynn >u>w >ao .5 
Aii’non Pw onon aoaqP Aynoon Anmon nn\y nyiip niiNAi .6 
nP miNnnwi da pm iw>nn dkd .noion nn>nom n>nPnnnn 

?nynp 

?pvn P\y nopnai nii’non <pAP nnnoo no\yn as”o no .7 

?imn Po nopim niiNnn <pAP nnno\y noon ai»o no .8 

?no> ipi yi mini Nin ONn ,111011 Piiai nyiip <pA Po niiNnn on .9 

mini Kin oNn ,pvin iaini 7>on on <pA Pva nn>nom niiNnn on .10 

?no> ipi yi 

?iP\y nn>non pri mnoo 11 yAm ,noiNAi <pA Po nmnon P*m mo .11 
,miNnn Po ooiAn noiPo an ,nt Pyo nr ,>nn>N piNi >/oono .12 
Po o>Nin onpnno ion P11 ,10m Po nopnai pnynni nn>non 
: (*riimi onon n>oN 7 an >/nm) ivn ipi nyiin 
.nyiip nnmoi nyi nono .n 
.nyiip niiNni nyi nono .1 
.moyp *ty nyiip noiNni nyi nono .a 
,noion nnn’noP nyno ,mnno 'pNnP nP>nno n>nnn non .7 
.nNin mnm moyp 7 y no’NOi ,no ior ni nyon 
nnooi ipy no>Noi pm’yio nooi nyiip nimtoi nyou nono .n 
noono nnNO’P 7 y n’o’Nn ninmoi yuP nmooo .ovny nooP 
.on’yi’in nooi nonipn nnnnoP 7 y ni>NO N>n 00 ,on>yn 
o>no ,miAn pr nnNPi mioi pnin ,nyiip nn’noi youn Am .1 

.moyp 7y mono an 

nnNP .mom moyp 7 y no’NO nyiip ninmoi nyoon nono .r 
.nowNin nmi’noP 7 y iw n^>No ,mom nn>oyn 
oqP ‘iioiP myn ,nyiip nn>noP yoo , 7 ’p myp ^nP P>nno 7 P> .n 
.myi Nin oiy nPnnnn nnipiP ntim n’pi yAii , 7 ’pn 
minn >mo\yo yiiiiN >ia Py naPm nmiA nn’noi nyoiin hoiiq .0 
noiioP yonp nOioi lyoiiN dn poto yoiiNn 111*1 .pin 711 
Py yiiDiNni n’liion P\y ooiAn dn >/ocn\y) .niiyp nP ddinPi 

,(om niiyo nniN 

.mPyP yoo Niniy 7y ,miNn iin n\y> \y>n Py iodini 11 m 7P> .> 

<)ioiiy *yi ,no\y ^>no Nin nn’ioi ,naio 7 y ono Nin n>Pyi 
.n’Pyn nP>nn 00P inn’noo nnv nPnA immoP y>Ao Nin nnn>n 
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ipa nyiiii - 3 p*>a 


nyin jpiipo Pw pnynn jin >Jiid>N piai dnNiion d><m niw d>iuii .13 

.ptn P\y n>spii£n ipd 




3.26 IT’S 


.onpond *rnN Pdd .ivjidnn Pw nyunn mis jin d’P’dd ’Ainji n 
. onponn mx PdP ,prn P\y mspum nn’nnn <pA jin Voo*i\y .n 
Ji’Jidd 'yv nn’rion jin >Jiid’N piNd dnNJion d»o*iA m\yy d’liro .14 

• imn P\y n>spli9d ,*w’ ipd nyin 



.dnpond -jdn Pm ,n>mon Pw nyiijin mis jin d>P>>m vinji .n 
. dnpnno *rnN PdP ,imn P\y n’spnm nsiNnn < 1 * 1 x jin >/oo*i\y .n 



?nn’non noaNJin nmpj iP>ni 
J inmon ,nyiinn P\y a>yop iP>Nd 
PoPniion nmyi np-m roPin 
nn’roon ,nyiMin P\y d>yop iP>Nd 
?oPmnn nmyd niopi ndPin 


.N 

.n 


.15 
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ipa nym - 3 pi o 


ipn ym <)n Pv pt Pv n’npno:> ninmo t>\y o’o’iyui nyi*iN *j>joP .16 
iniNan nit’Nvm Py o’amno *rnN Pi >iaP oy/niy .*w’ 

:PPn on ,nyorm Pv o’yop iP’no .n 
.n>P’P\y nnmon (3) .kow immon (2) .nynp nnmon (l) 

.ntmi mi7in nnmon (5) niopi notnn nnmon (4) 

.nOOo nmNnn (8) .novn nsiNnn (7) .nynp nsmnn (6) 

.ntmi naPin nmNnn (10) niopi natm nmNnn (9) 

.nm nmNnni nnmon Pv p’on (11) 

.•pan nmNnni nnmon Pv p>on (12) 

:PPn on ,T»yn ,pra nmpi iP’no .i 
.nOo’oao nmNnn (2) .nOo’oao nnmon (l) 




(2) (l) 


V 



V 



(4) 3.29 IT'S (3) 

Pv Nin noiipn nPNvn oomno *rnN Pi Pv nnmon non ip Pi on .17 
?nyiinn Pv nmoNnn mown 5sec-3 <)nn pnyn ,*j*iyo ,mo ,1 m/sec 
P '0 Nin no*npn nPNvn ooiino *tnN Pi Pv nnmon non ip Pi on .18 
?ptn Pv nopnaa nmNnn <pA ,’no’N )aiNn ,nNii nso ,1 m/sec 
.ai:a 2 = 1:2 Nin nniioo o>i>mnon oon oo Pv nniNnn on> on .19 
?nnr ninmo!? onyinp ooorn on> mo .n 
?nm pnynP onyinp ooorn on’ mo .i 
?o’iio oootn onmy ono o’pnynn on’ mo a 
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ow> ipo nyon - 3 poa 


jivapym 


n non 

pro ,(t 3 >t 2 >ti) ooiw ooor nwiPwo ,ow’ ip Py im Pw ioip>o .1 
:(nyonn *jPnoo inviin mis jin wwo nP <pAn) Non o’wijio 

ti t 2 t 3 


3.30 TPS 


_0_ Q | x [m] 


-2 


0 


?ooom nwiPwo *mN Pan *mon pjiyn mo .n 
, t 3 prP ti pm po *mon *ioyw pnoon ino .o 
?t 3 ptP t 2 pm po pnynn oi’w mo .a 
pm , (t 3 >t 2 >t i) ooiw ooot nwiPwo ,*iw> ip Py im Pw ioip»o 
:(*inn mooi un>o noo>n noipiP <p*n yoo t 2 pn) Non o>w*ijio 

ti t 3 t 2 


3.31 TPS 


<£-|—| 0 |—[ -0 -1 x |ml 


-2 


0 


?ooom nwiPwo ton Poo won pjiyn mo .n 
? t 3 ptP ti pm po won ooyw pnoon mo .o 
?t 3 ptP t 2 pm po pnynn >io>it* mo .a 
( t 3 > t 2 > 1 1 ) nyoji Pw mopiy mow wiPwo ,*iw> ip Py wo Pw loip’o 
:(jiiNon mowo oa uiyon mis jin mwo nP <pAn) Non o>w*ijio pm 


3.32 TPS 


-2 


ti 

0 


t 2 

/T\_ 

xp 


t 3 

♦ 


X [m] 


2 4 6 

?<pAn Pw nyonn mis mo .n 
?( pi>oi Ptia) <pAn Jinmo mo .o 
?t 3 pm *mNP jmN now <pAn nm> pm .a 
?ti pm oaP nnN now ,<pAn nm pm .*r 
?t 2 pm mNP now 1/3 <pAn nm pm ,n 
(t 3 >t 2 >ti) nyoji Pw niopiy mow wiPwo ,*iw> ip Py *mo Pw ioip>o 
:(niNon jhowo oa myon mis jin mwo nP <pAn) Non o’w-ijio pm 

t 2 ti 


3.33 IPS 


I3 


'ty[m ] 


0 


2 4 6 

?<inn 'iv nyunn rms >no .k 
ym) <iiad mi>nD >nn .1 
?t 3 10m *1nNnnn n>}\y <\)\n nnv p>n .a 
? ti iotti not? nnK n>w n>n p>n .1 


2 


.3 


A 
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iw’ ipi nyun - 3 p*io 


.iw’ ipi 4 m/sec Pw nynp niimoi 71 iP> .5 
.nnK now 7W01 iPm Pw pnynn oi’w inn .k 
? niow won 7woi *rPm Pw pnynn ni’w mo .i 
iinyon Pw n’ymn nown 7W01 iPm Pw pnynn oi’w mo .a 
iniown won 7W01 ymoon pnynn ovw mo .7 
.3 km Pw pmo myi nyw 7W01 iw’ ipi nynp nn>no3 7pm o7K .6 

?km/hr-i innmo mo .K 
7m/sec-l innmo mo .1 
?ni pi 20 7W01 07 Kn Pw pnynn oi’w mo .a 
?2km Pw pmo 07 Kn my pv mod Tin .7 
rmpjo npmo .iw’ pi 90 km/hr Pw nynp niimoi nyi nono .7 

.lOOm Kin pm nnno nP’nn nyi ,nPnimn 
?m/sec Pw nvrm’i noiaon nn>no mo k 
7 nyon Pw lOsec inKP noiaon nnmo mo .a 
?10 sec 7W01 pnynn oi’w mo .a 
?io sec inKP pnynn mo .7 
: o’Kan onpono 7nK Pin nymoon nnmon mo .8 
.iw’ ipi 3 m/sec Pw nynp niimoi 10 sec 71 7P’ .k 
.10 sec 7woi iw’ ipi 100 m my 77 .1 
niimoi nipi io-i ,1 m/sec niimoi nipi io iw’ ipi 7pm oik .a 

.0.5 m/sec 

niimoi lkm-i 1 m/sec niimoi lkm iw’ ipi 7pm oik .7 

.0.5 m/sec 

yn annwo 71 inK ,1 m/sec niimoi nipi 10 iw’ ipi 7pm oik ,n 
•7iann pim 0.5 m/sec niimoi nmoo nipi 10 
yn annoo 71 inK ,1 m/sec Pw niimoi lkm iw’ ipi 7pm oik .1 

•7iann pi’ll 0.5m/sec niimoi lkm 
.2- I0‘ 4 sec inKP own im ksio 20cm miyw i’pp mn y’pp .t 

.2 m/sec Pw nynp niimoi ,iw’ ipi 7pm oik .9 
nyonn nPmnw nnmi pm Pw nnpma pnynn 71A nK >/ooiw .k 

.o’l’un n’WKii nnm 

nyonn nPmnw nnmi pm Pw nnpnaa pnynn 71A nK ’/ooiw .1 
.o’inn n’WKio pnmo 70m onnn n’wKio 1 m nnm 
nyonn nPmnw nnmi pm Pw nnpnaa nnmon <pA nK ’/ooiw .a 

.o’inn n’WKii nnm 

nyonn nPmnw nnmi pm Pw nnpuaa nnmon <pA nK ’/ooiw .1 
.on’nn n’wKio pmno 70m onom n’wKio 1 m nnm 

.pm Pw nnpoaa nuiKnn 71A nK ’/ooiw .n 
.now P11 3m/sec-i ynp piKi innmo nK i’iaoi iw’ ipi 71 oik .10 

?oiKn nmKn mo .k 
?nyon Pw 5sec~i nnmon ’O’w mo .1 
7 nyonn 7W01 ymoon nnmon oi’w mo .a 
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pv> ipn nyon - 3 ppa 


10 sec Pm nyinp mm nnnmo nK no’KO ,p\y> ipn nym nono .11 

.lOm/sec-n mop nnnmo 
?nonon noiKn mo .k 
?nyon P\y 5sec-n nonon nnmo mw mo .n 
?nyonn 7Pnon ymoon nnmon mw mo .a 
.2 m/sec 2 P\y nyinp nuiKnn ,*i\y> ipn nyi nono .12 
?nyonn P\y mwKPn noon nonon nnmo mw mo .k 
?nyonn Po nw>onn noon nonon nnmo mw mo .n 
7 nioo worn nnmon mw mo .x 
?20 m/sec -p nnmon P*nn ior non 71m .7 
:d’Knn onpono 7 nK Pnn nymonnn (noiKnn ik) nniKnn mo .13 
.90 km/hr Po nyinp nnmon po> ipn nyi nono .k 
.8 sec 7m 100 km/hr nnmoP nyi nnooo ,po> ipn nn’Ko nono .n 
,nnK noo 7003 ,7m n> py m*Kino pnKP , 7 > 71110 npnn pn .x 
.2 m/sec Po nnmon *nn 10 nKmi ,po’ ipn 
.5 sec 7m nnooP 7yi 90 km/hr nnmoo no’KO 110130 .7 
oon nno ksio ,400 m/sec nnmon p>pP 0131 ,po> ip3 yi y’Pp .n 

.300m/sec Po nnmon 4 - 10~ 4 sec PfiKP 
nyi 50 km/hr nnmoo lyoniK nK 7>koi ,po> ipn yi yoniK 331 P .1 

.3 sec 71 m lOOkm/hr nipmo 

nniKn p’pno mini 5 m/sec nnmon p>pn ymn ,po> ipn yi P173 .t 
2- io~ 3 sec Kin p>pn oy ymn ior .nnmon 
.3 m/sec 2 Po nyinp mnKnn ,nnooo po> ipn yoP nPmno nono .14 

.nnK noo pnKP nonon nnmo mo .k 
?nyonn Po mwKPn noon nymoon nnmon mo .3 
7 nyonn Po nowKpn moon own nymoon nnmon mo .x 
?nyonn Po noon noon nymoon nnmon mo .7 
.5 sec 7003 2 m/sec 2 Po nymp nmnnn ,nnooo po’ ipn nyi noino .15 
.nyonn nPmn ymn oqkP mw nonon pnyn 
pnynni 71m Po nnmon ,71m Po miiKnn nm nPno nny/7py .k 

.nooi noo Pn pnKP 7nn Po 

P\y mspman pnynni nnmon ,nmKnn Po onmn nK >/oopo .n 

70m 

Po nnmon mw ,71m Po nmKnn mw nm nPno npy/7ipy .x 
.novo noo Pnn 70m P\y pnynn mwi 71m 
nnmon mw ,nmKnn mw Po om’Knon onmn nK >/oopo .7 

• lorn P\y nnpinn pnynn >owi 
?mpoon mo .aonm nnno m\y i>n mwn ,n 
nP>nn ymn 7nn pnyn ok n 7>yoP ninwnn non\yo im 7iin .1 

75 m nm nyonn 

nPmn ymn 71m nnmo ok >7 7>yoP ninwnn niowo vn nun .t 

?5 m/sec nnm nyonn 
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->o> ipa nyun - 3 pna 


ip3 ,nynp nmnn3 4 sec -[in 5 m/sec nnmob nnooo nyuo noioo .16 
.nsiKnn nniK3 '{’Knb *p inn no’ooo nmoon mo’ 

7noi3on nmKn mo .k 
7nyunn nbrnn *mKb nnK nuo n'joon nnmo mo .3 
7nyunn bo noioKin muon mo3 nuison bo pnynn ’u>o mo .a 
710 m/sec bo nnmob nunon yun pr no3 *pn .7 
?Kmon rmpio 50 m bo pnnob nonon yun pr no3 -pn .n 
?Kmon nripio 100 m nmnos nunon nnmo nmn no .i 
bmo ninvn ,8 sec Tin 4 m/sec bo nnmob yum ,*io’ ip3 yi *Tb> .17 

.noo b 3 0.25 m/sec -n wnmo nK 
binmKn dn *Tbm bmnn moo mnbnnnn nnmon mo k 
bnmKnn bo moon 8 *7003 pnynn ovo mo .3 
bnmnnn bo mvoon nuo3 pnynn ovo mo .a 
nbmn3 ypipi yAU moon .2 km nmKo biboo by nnu moo .18 
.noo b33 10 m/sec-3 mop mnmoi .biboon 
?biboo3 nyAb oioon biD> n3 mbo’tnon nnmon ’no .k 
bbiboon *)103 pmn nsyio pm ok ,oioon nsyi pr nob *pn .3 
.10 sec *rm nmsyb 180 km/hr nnmoo yuo ,*io> ip3 ym yuaiK .19 

?yii 2 iKn nown mo .k 
bnmsyn pirn yoawn *nyo pnnon mo .3 
bnnoiyn *pbnn bo ,prn bo n’3piiQ3 nnmon <pA nnm *ts >3 .a 
nnyo *mKb 140 km/hr bo ri’bo’toon nnnmob nyuo nono .20 

.nymp n^iKJi3 200 m bo pn-io nnuoo 
bnonon Ji3iKn mo .k 
bmbo’oaon nnnmob nunon nyun pt noo *pn .3 


x [m] 



3 non 
.21 


1234 56789 10 


3.34 TPS 


,-rbm nyun nK o’b>03 >/3Kn .k 
79 sec *mKb *rbm nnmo mo .3 
?5 sec *mKb *tbm irnmo mo .a 
?5 sec *mKb *rbm pnyn mo ,*r 
bnyunn pt mno nbmn3 *rbm pnyn mo ,n 
?prn bo n>3pAi03 nnmon <pA nKm m*>3 .i 
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no’ ipa nyun - 3 paa 



nnpio imoj o*tn Pv im*vno 
pm .ono*n mom iiNnpin nonoo 
nwno DN INHOD (3.35 nvs) <p.xn 
porn Pv n’spvaa on^n 


t [sec] 


.o-mn nvian jin o’P’oa vino .h 
3.35 TP* 72 sec (II) 3sec (I) :nnNP d*mn nsmn ’no .1 

7nyunn par mno nP’nna o*tKn nwno ’no .x 
?2sec (II) 3sec (I) nnNP oann nwno ’no .7 
73 sec nnuP oikh pnyn mo .n 
7nyunn Pv nuivion moon viPva nyaioon nwnon ’no .1 
?nyonn Pv mw’Pvn nova nyaioon nwnon ’no .r 
nwnon <pAP nnnov noon nw ,nyunn nP’nno par noa map .n 

710 m-P nvv porn Pv n’spvaa 
:o>Kan d’asoa mnsoan nvvao ’nv pa mon’n nwnon ’no 
pva .’h noiaoP on’a ’a noiaoi pa noiaoP on’a ’k noiao) 

.(onpon Paa ’avnn pvaa nnaa ’H noiao 
.ntoiy ’a noiaoi 90km/hr Pv nyiap nwnoa nyi ’M noiao .n 
P v nyiap nwnoa ,pvan imro ,n asp n myi nvvaon >nv .a 


.90 km/hr 

mya pvnv ivNa ,>n noiao wnNO 100m pmoa nya ’a noiao x 
.90 km/hr Pv nyiap nwnoa ,pvan miaa 
,pvan miKa nya ’a noiaoi 90 km/hr nwnoa nya 'H noiao .7 

.80 km/hr Pv nwnoa 

,-jiann pvaa nya ’a noiaoi 90 km/hr nwnoa nya h noiao .n 

.90 km/hr Pv nwnoa 

.2 m/sec N’n nasnP on’a yan o*ion nwno .ya 0*10 Py iPm otH 

.1 m/sec K’n yan onoP on’a oann nwno 
:Nin myian pva on ,nasnP on’a o*mn nwno ’no 

?yan onon nyian pvaa h 
?yan o-ion nyian pvaP iian pvaa .a 
iniNa nyiap nwnoa o’ya nro nr 100 m pnnoa o’Naoan o’vaN ov 
Naioan o*TNni 3 m/sec Pv nwnoa ya mnNO Naoan o*tNn .pvan 

.1 m/sec Pv nwnoa ya doaP 
Pd’vjKn ov pa n’on’n mn’non ’no .n 
P d’ovn WAa’ pr noa nnnP .a 
?50 m dno’a pnnon n’n’ nvoan yAno pr noa annP .x 


.22 


.23 


.24 


.25 
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my> ipa nanan - 3 pna 


naiKna 10 sec *r\yoa ns’KO .nniaoo nnpan nK nPmnon nono 
20 sec i\ym nswn kPP paP na’wao *p nnK .2 m/sec 2 P\y npap 

.nnnsyp 7a> 5 sec Tin no’KO <)itQPi , 0 ’atna 
?npann 'tv )WKnn yopn nnKP noiaon nnmo ’no ,k 
7’v’P\im nyiann anapa noiaon noiKn ’no .a 
7noiaon tv ’PPan pnamn oa’\y mo .a 
? pm tv n’*pai9a nPKnn *pA nKna 7pa .7 
?pm tv n’spjiaa nnmon <pA nKna 7Pa .n 
tv npap noiKna 30 m/sec tv n’nPnnn nnmoo o’KnP Pmno nna 

.oqk Kin noKnn nPmna pnamn .-5 m/sec 2 


7nnan niaai’ pr noa *pn .k 
?noKnn nPmn nnKP 5 sec nnan nnmo mo .a 
7noxnn nPmn nnKP 10 sec man nnmo mo .a 
7nanan tv 5 sec nnKP <)iAn pnam mo .7 
?na>ian tv 10 sec nnKP <jiAn pnam mo .n 
?nanan tv 15 sec nnKP <)un pnam mo .1 
7nanan tv 15 sec ’aAP pm tv n’spana nmKnn <pA nKna nan .7 
7nanan tv 15 sec ’ 3 AP pm tv n’apana nnmon fpA nKna nana .n 
150 m pnnoa n”a Pwa’oa pnao 90 km/hr nnmoa na>an nono Ana 

.0.8 sec Kin Anan tv nannn pr ,iaoo 
?Pi\yp’on oaP pma nsa>mP nonoP onanw nownn mo .h 

?noKnn pr mo .a 

Anan vnan ia a>Ann p ,pm tv n’upaiaa nmKnn <pA nKna nan .a 

7naa>a\y nan naata 

Anan pnan ia annn p ,pm tv n’spaiaa nnmon <pA nKna 7a>a .7 

7nnan\y nan naataa 

*p nnK .10 sec *r\yoa 2 m/sec 2 tv nswna nniaoo na’KO nono 
.20 sec *jin <iioaP muyai o’ioo pr i^oa nanap nnmoa na’woo 
nya pr noa .400 m Kin nyiann -jpnoa nonon tv pnamn ’ia’\y 

nnanap nnmoa n’aiaon 
.(3.36 nvu) pm tv n’ijpaiaa <in tv ipnam nK 7Knon <pA pna 
.nanann ’aP\yo 7nK Pa D’P’oa ’/7Kn .k 
?ta’aP\yno 7nK Pan nnmon mo .a 
mnKP pnamn mo .a 
710sec (III) 5 sec (II) 2sec (I) 

mnKP nnmon mo .7 
710sec (III) 5sec (II) 2sec (I) 
manann ’ampa na>moon nnmon mo .n 
0 - 2sec (I) 

0 - 5sec (II) 

0 - 11 sec (III) 
5-10 sec (IV) 

3.36 IT'S 


x [m] 



1 sec J 


10 11 


.26 


.27 


.28 


.29 


.30 
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*w» ipD nmin - 3 pna 


m 

sec 



m 

sec 


.(3.37 *oos) pm P\y n’spiiDD noma rmmo DKnon pro .31 
.nyurm mP\yo *mK Pd o’P’od ’/dkd .k 
?d’DPwno *rnN Pdd nmKim mo .d 
:* mKP nomon rmmo mo .a 
TIO sec (III) 5sec (II) 2sec (I) 

:*mKP (x o =0) noiDon pnyn mo ,*t 
TIOsec (III) 5sec (II) 2sec (I) 
k :nyonn ’yopo riymoon rmmon mo ,n 

0 - 2sec (I) 

T t [sec] 0 - 5sec (II) 

10 11 0 - llsec (III) 

75 - 10 sec (IV) 

odk P\y urnmo ak DKnon <pA pro .32 
.(3.38 ni’D) pin P\y n’DpiiDD 
.nyonn ’dP\po pok Pd o’P’od ’/aka .k 
nnKP (x o =0) othd P\y pnynn mo .d 
? 12sec (IV) 8sec (III) 2sec (II) 3sec (I) 

nrmP opka Ammon mo .x 
? 12sec (IV) 8sec (III) 2sec (II) 3sec (I) 

,o*TNn Pw nymoon nnmon mo .t 
:*nn nunn nPmno 
rj 1 [S6C] 2sec (II) 3sec (I) 

10W 12 ?12sec (IV) 8sec (III) 

nymoon nnmon mo .n 
:nnwn po 
2 sec - 4 sec (I) 

4 sec - 8 sec (II) 

3.38 TPS 

nPmrm 2 m/sec 2 nnmKni 140 km/hr n’Po’tnon nnnmow nono .33 

.nnooo nnmnn ak 
tioo m Pw pmo Diivn pt noD iin .k 
Tiooo m Pw pmo Dinvn )ot mod *rm .d 
nPmno ono’i pmon .nr noiyp nr ’pnP noor id o’P’nno onP’ >w .34 
Km ’k dP> adika ok .loom kid on’w *wkd .n^nn 

nPnnn rmpio pmo nr’KD , 0.2m/sec 2 Km ’d *tP> asikai l m/sec 2 

?o”wn wad’ ’K dP’ P\y nyonn 
’w P\y pin P\y nospiiDD rmmon <pA .35 
on’sn awki od Py o’DPmn o’ddd 
.3.39 DI’DD DKinO (t=0) lOtil 1A1KD 
70’DDDn ’w wad’ pr noD *rin .k 
Vadd ddd Pd rmmo nmn no .1 
t [sec] ?vADon 




3.39 TPS 
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dd> ipD nyuji - 3 pD3 


.dow doot 6 -d on’pnyn ioddi d><m 4 Pd dimmo nympp oood .36 
.nyujm iPdod tojido ru’N d’smno don Pd Pd nyujin jidisd pm 

:d><mno djin Pd >daP 
,<pAn Pd nyunn mis jin d>P>OD >/dnji .n 
. pm Pd n’spiiQD pnynn <p a jin >/dddd .d 
.dod Pdd pnynn >u>d in did nPioP <pm .a 
.^ nn Pd nmPnnnn ninmon jin DDn ,*r 
.<pwn Dion mm ,p fri 'iv n>upDiQd ninmon <pA dn >/dddd .n 

.<pAn Pd nmNnn nN vddh .i 



.now ooor 6 -d on’pnyn ioddj o’qia 4 Pd oninmo nympp >iood .37 
,nyonn iPnoD niinDnP nPiD> o> 9 iAno ina Pd Pd nyunn nni^D pm 
.ooid ooor ddiPdd ninoP nnnoi nyun mis Pd Pdn 

:o>anno *mN Pd >daP 
.<pAn Pd nyunn mis jin o>P>od y*mn .k 
. pm Pd n’spiiQD pnynn <pA jin >/dddd .d 
.DdD PDD pnynn Ol’D idi did dPddP <pin .A 
.<pAn Pd nmPnnnn ninmon jin ddd .d 
• <pim D1DD mm ,PTD PD n’SpJIQD J 11 D>nOn °)DA JIN >/DDDD ,D 

.^lAiD Pd nSINJin JIN VDDID .1 



Pd mymnn ndDD nmy Nin .'pNnP Pmnoi v nyinp nn>noi yi ddd .38 
.22 m Pd pmo n’D’onn nODDi 18 m Pd pnno Pd pnno insiNn 
?insiNJi jin Pnn rood ninmon mo .n 
?imiNn mo .d 
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ov> ipa nyun - 3 poa 


npKon aoioo ’33 Py 80 km/hr P\y nyiop Aiomoo <)Pin oioioik .39 
.pinn iaiko 2 m/sec 2 P\y nyiop msiKAO nnooo yAon iaiko 
? prn P\y nnpuao Aoiooni oioioika P\y flioomon <pA mo .k 
? prn P\y nnpiioo Aoiooni tmioiKn ’pAyn <pA mo .o 
ppioioiKn ak Aoioon a’wa noKnn flPmAO pr noo onKP .a 
? o’vyA33 on m yAoo Aoioon nnmo nmn no ,*r 
Piy nuiKA 'h aoiooP .Aionfl tmo’o onoiy aioioo »aiu om .40 
Piy nmKA ’o aoiooP .140 km/hr Piy A’Po’too Aiomoi 2 m/sec 2 

.160 km/hr Piy fl’PO’OOO Aiomoi 1 m/sec 2 
?iooom Piy pnooP nnnni nsi’ oomn oiyo ’o .k 
?nooon ipp npon y>A> owko ornoon n>n> pm .o 
Piy noiAAn pr moo 100 m pnooo flooiy mooo irnoo aoioo Am .41 
Aiomon mo .2 m/sec 2 Km ooon aoikai o.75sec Kin Anm 
?miKAP onAn Kp\y aoiooP oniuoKn A’Po’ooon 
Aiomoo no’woo ,v nnmoP *ty a aoikao nnooo no’KO aoioo .42 
niivm pro no>KO *p oaki ,m*Knn pro nmm pr *jiyoo nyiop 
noioon nooyiy ’PPon pnnon .nonyp *ty mmnn pi nnnoP 
?noioon huikji mo .50 sec Kin nyonn Piy ’PPon prm ,1400 m Kin 

’A non 

,noor n o’Pao 126 km/hr P>y nyiop niomoo niym moon ’Am ov .43 
nniK Py niyoo niKuoi mooonvy ,iro ir 1000 m pnooo niooon ovko 
0.8sec Kin onopn ’Am P\y nonfln pr .ir Piy mii’oP ir niyo nP’oo 
fl’Poo’on nnoiKfl rump nonu no .4 m/sec 2 Km ’K aooo aoikai 

?poK po’\y no ’o aooo P\y 

Aiomoo 103 Py A 3 Pinn aoioo oioaP ntoo noooo ao’oo now .44 
A*t’o auika .2 sec Kin ooiiyn P\y noiAAn pr .140 km/hr P\y nyiop 
.180 km/hr A’po’ooon nAiomoi 2 m/sec 2 K’n noooon 
Amn ak ooivm oioa’ noooon ao’o A’on oipoo pnoo nr’KO .k 

? 1 ”ooyn 

Piy nnpoao Aiomon <yoA ak ,onn nooyo nniK Py ,>/ooo\y .o 
ao’o 03 Py Aoioon A3Pm io yAon p .Aioioon ’A\y P\y pm 

?nio\yon 

onoiy ooko ,1000 m pnooP Aionfl onoiy aoioo Ami yooiK oon .45 
Aiomoi 10 m/sec 2 Piy nmKfl yooiKP .nnooo onyon o’P’nAo 
fllimoi 3 m/sec 2 Pp milKA AOIOOPl ,200 km/hr P\y fl’PO’OOO 
oon po o’ii\y KPn AionAn ’kia PPao .180 km/hr P\y A’Po’ooo 
.loop io sec lflyofl ak PmAnP Aoioon AmP yoaiKn 

?AionAO np> ’o .k 

?o\yp y’AO moon ovko T’ooon nm> oimn ipo pnoo nr’KO .o 
P\y nnpuoo Aiomon <pA ak ,o’on Aooyo aaik Py ,>/ooo\y .a 
.A ionAn APmA yAoo Aoioon P\yi yooiKn P\y pm 


-76- 



no> ipa nynn - 3 pno 


nnny apy .90 km/hr nmnna omyi’a o>aaa yon nman Am .46 
yon kid na 45 km/hr nmnnP mmnn ok oKnP opann Kin onaa 
apy Amn moan pr non .2 m/sec 2 aa*in miiKni noiKn .5 km 7 *iikP 

?o>aaa nmiayn 

Py ninoPi ,2 sec *pn 105 km/hr Po nmnnP ynnP nPia> no >’2 .47 

nynn n 9 iP>oiK .nuP na»n K>n nr pr nnK .15sec *jona ir nmnn 
.an pr ir nmnna 7 ’onnP nPian ,2 sec 7 m 90 km/hr Po nmnnP 

.0.5sec Kin naiP’OJKn Po nannn pr 
?no>’ijn p mnoP n 9 iP>oiKn nana nPy >Pnn>nn pnmn inn .k 
nK pai nanyn kP *ik ,’Pnnmn pnnnn Py nmio nmPmiKn ok .a 
pmnn inn ,0.8 sec-P ynn onpnnn nPn apy aoK ,nnaiAn pr 
?n£iiP>ojKn nomn nyi <i*n’nn nP>nn yA*in no>>an nnaiyo 

naoiP mPKo 

:°| 1 A Po ipnynP o»io>ann nnK PaP .48 

(1) x = 4-t 2 + 5-t + 7 (II) x = 8 -t + 4 

(III) x = 8 -t 3 + 4 (IV) x = sin( 6 -t) 

a(t) (2) v(t) (l) Po >PPan no>an inn .k 
a 0 (3) v 0 (2) x 0 (1) :Po*pyn inn .a 
Po n>^pii9a naiKnni nmnnn ,pnynn Po omaAn o’Km *ran .a 

?prn 

n’oKin inynn Pmnn <pAno nmna ,<pA inmnnP omo’ann nnK PaP .49 

(I) v = 6 -t + 5 (II) v = 5 :oman 

(III) v = 4-t - 3-t 2 (IV) v= cos( 10 -t) 

a(t) (2) x(t) (l) Po >PPan >io>an inn .k 
a 0 (3) v 0 (2) x 0 (l) :Po riyn inn .a 
Po mspjina nsiKnni nmnnn ,pnynn Po onmn o’Km na>a .a 

?prn 

inynn nK Pmnn <inno nmna ,<pa Po insiKnP o>>io>ann nnK PaP .50 
(I) a = 2 (II) a = 0 :omsn n>oK*ia"nnnnn 

(III) a = 2-t (IV) a = 25- sin( 5* t) 

v(t) (2) x(t) (l) Po ’PPan no>an inn .k 
a 0 (3) v 0 (2) x 0 (1) :Po *pyn inn .a 
Po mspiiaa n^iKnni nmnnn ,pnynn Po omnAn o'ku *ran .a 

?prn 

x = 5-t 2 + 6 -t + 2 :no>aa pm (m-a nnnin) 71 A Po lpnyn ok .51 

?nynn Po 5 sec nnKP <pAn nmnn »nn .k 
?nynnn Po nmoKin ninon 10 -a nymnnn mmnn >nn .a 
v = 5-t + 2 :no>aa mini (m/sec-a nnnnin) on Po mmnn ok .52 
?nynnn Po nmoKin ninon 5-a <inn Po pnynn >n>o inn .k 
?nynnn Po nmoKin ninon 10-a nymnnn nmnnn >nn .a 
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*w> ipa nyiin - 3 paa 


Ax=3m .A Ax=6m .1 Xi=0m ; x 2 =3m ; x 3 =6m .N .1 

Ax = -3m .A Ax = 9m .7 Xi=Om ; x 2 = 6m ; x 3 =3m R 2 

x=4m .D x = -3m .1 x = 9m .A v = 3m/sec .1 nyi7p fm>n>7 ,R .3 
x = 10m .7 x = -6m .A v = -4m/sec .7 nyi7p nn>n)7 .K A 
Ax=4m .7 Ax=4m .A Ax=20m .7 Ax=4m .R .5 

At=40min .7 Ax=lkm .A v=0.833m/sec .7 v = 3km/hr .H .6 
x = 350m .7 Ax=250m .A v=25m/sec .7 v=25m/sec .R .7 

v=0.67m/sec .1 v=0.75m/sec .A v = 10m/sec .7 v=3m/sec .K .8 

v = 1000m/sec 7 v=0 7 v=0.25m/sec .n 
Av = 3 m/sec .A Av = 15m/sec .1 a = 3m/sec 2 .K .10 
Av = -1 m/sec .A Av = -5 m/sec .la = -l m/sec 2 .N .11 
At = 10sec .7 Av = 10m/sec .A Av=2m/sec .1 Av=2m/sec .K .12 
a = -5 m/sec 2 .7 a = 2m/sec 2 .A a = 3.47m/sec 2 .7 a=0 .K .13 

a = -5000m./sec 7 a=4.63m/sec 2 .1 a = -2.5* 10 5 m/sec 2 .D 
v = 4. 5 m/sec .7 v = 3m/sec .A v = 1.5 m/sec .1 v = 3m/sec .K .14 
t = 8sec .7 Ax=2.5m .A v = 1.25 m/sec .7 a = 1.25m/sec 2 .R .16 

v = 15.81m/sec 7 t = 8.94sec .D 
Ax = 3.875m .A Ax=24m .7 v 0 =2m/sec .K .17 

x=250m .7 a = -5m/sec 2 .K .19 t=20sec .7 v o =200m/sec R .18 

At = 10.29sec .7 a=3.78 m/sec 2 .R 20 
v=0.625m/sec .a v=0.625m/sec .7 nynp nn>nn .k .21 

xo^Om ,n x=3.125m .7 

v 0 =2m/sec .A a = lm/sec 2 (II) a = lm/sec 2 (I) .7 nyi7p n^1K7 .K .22 
v = 3.5m/sec .1 x = 10.5m .n v=4m/sec (II) v = 5m/sec (I) .7 

t =2.9sec .n v=4.5 m/sec 7 

Vk/i=Vi/h=0 .A v 1/N =v N / a =0 .7 v a /N=- v^/^=“90km/hr .K .23 
Vi/N-“V N / a =-180 km/hr .n v 1/N =“V N / a =-10 km/hr ,7 
Vm^nasrH = 1 m/sec .7 v D 7 N,na!n = 3 m/sec .K .24 
t=25sec .A t=50sec .7 Vi,2=3 m/sec .K .25 

Ax=550m .A a = -4 m/sec 2 .7 v=20 m/sec .K .26 

x = 87. 5m .7 v = -20m/sec .A v = 5m/sec .7 t = 6sec .K .27 

x = -112.5m 7 x = 50m .n 

t = 5sec .29 t = 10.4sec .7 a = -2.4m/sec 2 .R .28 
.3 sec pi>77 nyup nn>nn ,5 sec nmio ,3 sec nynp nwnn .* .30 

Vj = lm/sec ; v 2 =0 ; v 3 =-l.67m/sec .7 
x 2 =4m ; X5=5m ; Xio=1.67m.A 
V 2 =lm/sec; vs=0 ; vio=-1.67m/sec.7 
Vo- 2 -lrn/sec ; v O -5=0.6m/sec ; v O -u = -0.18m/sec .n 

vs- io= -0.67 m/sec 

.3 sec noiKn ,5 sec nynp nnmo ,3 sec nyup rum**) .n .31 

ai=lm/sec ; a 2 =0 ; a 3 = -l.67m/sec 2 .7 
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7tt» lp3 nvuft - 3 p*!D 


v 2 =4 m/sec ; v s =5 m/sec ; v 10 =1.67 m/sec .X 
x 2 =6m ; x 5 =20.5m ; Xi 0 =42.17m .7 
v 0 -2=3m/sec ; v 0 ~ 5 =4.1 m/sec ; v 0 -n=3.91 m/sec .n 

V5-io=4.33m/sec 

DDiKni 3 sec -pann pi>33 nsiNO .3 sec doind ,3 sec nynp nsiNn .n .32 
x 3 =6m ; x 2 =2.67m : x 8 =9.33m : x J2 =0 .3 ,3sec *p9nn ynm 
v 3 =4 m/sec ; v 2 =2.67m/sec ; v 8 =-2.67m/sec : v^O .X 
v 3 =2 m/sec ; v 2 =1.33 m/sec ; v 8 =l. 167 m/sec ; v 12 =0 .7 

v 2 _4=3.33m/sec ; v 4 - 8 =0 .71 
’N 7^>0 83.3m .34 t=35.45sec .3 t = 10sec .N .33 

Vi = 11.25m/sec ; v 2 =2.25m/sec .3 t = 18.75sec .N .35 
nmNnmw -7 hiw-a ruiNJi oii\y -3 nn>no rmw-N .k .36 

v 0 'tf=2m/sec ; v O 'i=0 ; v 0 ^=3m/sec ; Vo--r=0 .7 
a -K=0 ; a'i=4 m/sec 2 ; a- 3 =0 ; a ^-2 m/sec 2 .1 
nvnp nwnoi nynp miNn -3 nnnoi nynp nwno-N .k .37 
.pm P 3 noiKii -i nynp nwnoi nynp nn>no -x 

vo'n= 2m/sec ; voa-O ; vo'j=3 m/sec ; vo--j=3m/sec .7 
a'N = 0 , 0 ; a' 3 =4m/sec 2 , 0 ; a- 3 =0 , 0 : a'i=2m/sec 2 .1 

a=4 m/sec 2 .3 v 0 =4 m/sec .K .38 
v=44.44m/sec .7 t=22.22sec .X .39 
nyunn nPnjino 627.8m .3 ’k n>ii30 ,h .40 
a=2m/sec 2 .42 v max =18.55m/sec .41 
x=2537.5m .K .44 a = -0.774m/sec 2 .43 
.own ipD 136.11m .3 unison Am .k .45 

t=203.125sec .46 
x = 420m .3 81.25m N .47 
x 0 =7 ; v 0 = 5 ; a 0 =8 .3 v(t) =8-1 + 5 ; a(t)=8 .N (I) .48 

xo=4 ; v 0 =8 ; a o =0 .3 v(t)=8 : a(t)=0 .H (11) 

x 0 =4 ; v o =0 ; a o =0 .3 v(t)=24-t 2 ; a(t)=48-t .H (Ill) 

v(t)=6-cos(6-t) ; a(t) = -36*$in(6-t) .N (IV) 
xo=0 ; v 0 =6 ; ao^O .3 

Xo-0 ; v 0 =5 ; a 0 =6 .3 x(t)=3-t 2 + 5-t ; a(t)=6 N (I) .49 

Xo=0 ; v 0 = 5 ; a o =0 .3 x(t) =5*t ; a(t)=0 .N (II) 

x o =0 ; v o =0 ; a 0 =4 .3 v(t)=2-t 2 -t 3 ; a(t)=4-6-t X (III) 

x(t) = sin(10-t)/10 ; a(t)=-lO-sin(lO-t) .H (IV) 
x o =0 ; v 0 =l ; a o =0 .3 

x o =0 ; v o =0 ; a 0 =2 .3 x(t)=t 2 ; v(t)=2-t N (I) .50 

x o -0 ; v o =0 ; a o =0 .3 x(t)=0 ; v(t)=0 .X (II) 

x o =0 ; v o =0 ; ao^O .3 x(t)=t 3 /3; v(t) = t 2 .X (III) 
x(t) = -sin(5-t) ; v(t) = -5-cos(5-t) .X (IV) 
x o =0 ; Vo^-5 ; ao=0 .3 

v=27m/sec.3 Ax=72.5m .X .52 v=56m/sec .3V5=56m/sec X .51 
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n>aiK npnn mvam nP>ai - 4 pta 


4 p*ia 

jioiN npnn jrwain n^n 

N110 4.1 

Pw inyon K>n my> ipa nyiap (oyoa) miiKJia nyunP tm>a naion noAitn 
iaoak .noo >aPa nim\y> ik npyo >aPa mm\u> pm3 Kin myKa ,miiKa <)iA 
.maiKiin ww nyunn niKiwoa PiAmna irn nyunn hk nmi 

tlttnflSINJl 4.2 

py ,ntAKn >a Py nAwvw) npoaon P\y imivKtn movton niK^inn nnK 
pton n> Py mPo’Kav nr>a PtAO Pw nton aad ya cow o’san nPan >*r> 
.nyiap nyiKJia pKn ihd oa Pk o’Pau o’aiAn Paw K’n (>kP>Pa ikP’Pa 
mna rnso oy mi^n pis Py o>awin uron ok ,nsp nmon n>Kt3 ir mpoo 
o’Pau oa’k onw ira .mAO irnso tvma ,n>wain nn>m minn p3S noiyP 
nyunP miiKn nminno pt yao o>anon ow pa Ptann .nuiKnn nniKa 
nyawnw *jaa a>ioo nvnP *j>ay otip utoKw oawonw *ja .mnan nison 

.nnor K>n miiKn nminn 
.taian nuiKn o’Ktip i>iwa o’K^oin o>aun Pa Pw nyiapn nsiKnP 

. 9.8-P ttya miw nidi >iooa ksoa taian miKn Pw naty 

sec- 2 

:pp .g niKa moioo taian nsiKn 

(4.1) 


>aPa t>on Kim pun Pw nyonn pirn >iPn 13>k taian nsiKn Pw pvan 

.pKn mta rato 

Py ntipiP ntipio nspoa mnwon ,”ioo -py Kin taian nsiKn Pw *pyn 

.^tKn mta oa 

dk iP’A kP ,n>t>n> tioa nano wyiw ,o>3iwKtn omoon ,nKt pt kP 
.^tKn mta oao o>pntnow Paa mopi naPin taian nsiKnw ntaiyn 
.^tKn mta oaP ooitpwa pm ,aimpa pt nyiap K’n taian nsiKn 
10km Pw namaw *ja , 6,400 km Kin yiKn mta omt ?o>anp nr no 

.nnKn msnoo mna K>n nK^ina moon 

n^iKiin Pw myowon Pyi ,g Pw oown o’atyn Py mann jik a>nm) 
p’no i’ai da o\y ,nt’aaa poiyn tnvo ptaa pKn mta oaP anp nyiapn 

(9.8 m/sec 2 Pvy 7tyn yai3 
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ji>3jn npnn n>oain nP>aj - 4 ppa 


:w”no mPaA’on 03) iwoamn nP’am pppw) dk now 

via Pn o>Paw 'pxn pua waP aipp o’Nsojn o>awn Pa 
nnwr pwind jiminno nmna 9.8 m/sec 2 Po nyiap nsiNna 

nywna p’WKa nwwNn nywnn Pk on»nnP o’Pia> wmx ,m ppp’y >aP 

.nyiap nmxna 

ponp - ivoainn np>am x>n nwoxan nawsn .nywn Po mam >iw )>a Pnai 
Papo inn pond - iwaix npnt nwom ,im>Pa nana nnwoo nniw <yu 

.ppniwa txi >aix pvaa ri’nPnnn nwnn 

jv\yain nb»D3 4.3 

Paw <inni ,pwixa nnwoo omiwo pond jmwn nywnn x>n iwoam nP’ai 
,pwinP nmwin i>n ,nip y>x .paPa yixn ana P\y na>won ma nyaon a py 

.yixn ana n> Py jvdpajo g paian iwnxn pp 

nsixna nywnn juxiioiaa otanvw nyiap nsixna xm nywnno pwan 

.o>ww\y paoo ona noyio anxP ,nyiap 
nx anai pPi ,noo >aPa pp x>n Pawn <inn nywn ,n>\yam nP>ai P\y nppoa 

.now >aPa wn>nn inon 

:<)iAn ok nu’xon iwavn nmxn xvn ,nywnn }w»aa pp xm paian naixn 


x>n nywnno wP p’avnP na x mxa oipoa y niNa )>ao3 <)nn P\y pnynn nx 
y 0 = 0 :oaxa pnai oax pva pnynn nx .Y p>sa 
:nnwoo ppmoo ^wno pvao oax x>n <inn Po n>nPnnnn nip’non 

v 0 = o 


:o”iw\yn nx ona -ppyw ,nyiap naixna nywnn nixiioo nx woay owpa 
mPPa mxniun ir’tuamn nP^m mxniun 


v = v 0 + a -t 

Vn + v 

x = x 0 + - 


x = x 0 + v 0 -t + ^ - a - t 2 


v 2 = v 0 2 + 2 - a • (x - x 0 ) 



(4.1) 

(4.2) 

(4.3) 

(4.4) 
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n’aiht npnn n’vain nb’aj - 4 pna 


jvwdw nb»23a o»b»nii inns nwnpy 

.noo >aba *r>on Kin nbNvm 'yv >ai>nn iivan .1 
,o”avn obia oomin .o’obvmi ooinin ba bv n»>«n nwvb w> .2 
imaa *raba ton pma *[*m \y> a=g,v 0 =o,y 0 =o viap pi^aw p>a» .3 

nnyain nb>aja nbN\y 


ipnno moi innmo ’no .vpapn bvo nmaA nnipjo boio 90 :*h n»An 

?nvon 'rv 3 sec nnNb ,nnnwn n*npAO 

y = ? ; v = ? :on tnobvin ; t = 3 sec :Nin pnm .pana 
:nmnon nn’sob 4.1 nNiwoa vonvi 

g-t = 9.8-3 = 29.4 — 

° sec 

:pnvnn nx’vob 4.3 nNiwoa ranw 
L g . t 2 = i-9.8-3 2 = 44.1 m 

?vpnpa vao> nnmo if’xa .vpapn p 10 m nana aanwo^w :>a noAn 
V = ? :xin obvm ; y = 10 m :Nin pnin :iiana 
:4.4 HNlWOa VOnVO 

v 2 = 2-g-y •> v = \/2-g-y = V2-9.8-10 = 196^ 



'yv n’«n\yn nova ib\y pnvnn ino ,n’\yom nn’m raw ina^ :>a nmn 

?(nj^on nnmo oob) n’woinn nnosn 


Nisob na ,pb .nynnn nbrnno a»on p pnvnn bv nix l won :pana 

nx mw vwa pnvnn p aom ,nwwn nova pnvnn nx 

:nvw \yona pnvnn 

y jruriun noun - Ye'Ys = ^*9.8-6 2 -j-9.8-5 2 = 53.9 m 


novn <inn pnvn 

y = r g ‘ t2 ." .. 


mo .30 m maiA\y pa wxao boo <in : *t nnAia 
?nyonn b\y ninnxn 


:nvonn b\y ’bban ptn nx x^oa 
sec 


:i>ana 


\!ir - JW = 2 - i7 ™ 
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ji>pjn npnn n>wain nP>aj - 4 pna 


n>wn mna nynnn Pp *j\yo 2 <)un *ovw pmon jin nsop 
t’ = 2.47 - 1 = 1.47 sec :P\t> pn U”n ^JOnNn 

y = ^-g-t 2 = j-9.8-1.47 2 = 10.65 m 

rpmon iiOKv jin <)iin *oy njnnNn novov N>n mpoon 
y’ = 30 - y = 30 - 10.65 = 19.35 m 


fi’33N npn? 4.4 


nmp3 nyi3nn ,no>p >oPp in nPyo oPp Ji’JiPnrtn rm’no Pipo <in pwnp 
> app nPyo <inn Py o ,nynp nsiNJO nyun n>d jiojn npnt .jiojn npnr 

.(npnrn pio mo nwo nPi) non ioinji noo 
o ,no)o oPpi nPyo oPp - rmai nipot m\yp pPnj jiojno npnrn dn 

.*p vmw? r>mu *inv niNvwon 
npntn P\y ovnn )iion\y Nin nyunn Pv ovnn pion rnmn inp»yn 

.jvnPnimn Jinmon pio >a Py yppi 
:tPNpn o’PPpn oP nynp h^injo nyiiim jvinviwd jin mvi 


noo >aPp jiojn npnt 

noo >qPp v > o 
noo oPp y > 0 

a = g 

npntn impo y 0 = 0 


nPyo >aPp jioin npnt 

nPyo oPp v > o 
nPyo oPp y > 0 

a = ~g 

npntn jvnpo y 0 = o 


u 




V = Vo + g-t 

(4.9) 

v = v 0 - g-t 

O 

> 

+ ^ 

> 

II 

>p 

(4.10) 

O 

> 

+ ™ 

> 

II 

>i 

1 9 

y = v 0 -t + 2 ’g -t 

(4.11) 

„ 1 f2 
y = v 0 *t - ^‘g-t 2 

v 2 = v 0 2 + 2-g-y 

(4.12) 

v 2 = v 0 2 - 2-g-y 


(4.5) 

(4.6) 

(4.7) 

(4.8) 


:o>Nin nunpyn >a Py n\yy3 unnoo niNnoro oio’on 

n»D3N npnn o’b’nji inna nunpy 
.jvnPnjmn nrvnon in>p >a Py nyiinn Po >ovnn jivpn jin imaP v> .1 
O’jimn oonP *r>nsw o>oPyim a’lijun Pp Po no>«n JiioyP o> .2 

.nvnn iiion jn>r»p >aP o’ovni 

2 p*> 7 >ns (npnrn im>p >aP) a = ±g -i y 0 = o yop piNPo iivpo .3 

n>p3N npntp oPno mnaP np o>Jim 

nP oii)*pis i>ni naio tin nnP>nno nyimn Pp jin jiipnao niNnoon .4 

“najo nmaPi nyuji >pPnP ojiin pPnP (^Poio 
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npnn n>vain np>aj - 4 p*ia 


>qPd npnv \y> p3\y mPN\yn in nnv mPp ,non >aP3 npnt w irav niPn\yn 

.rDtiN PdP pa vnp nvnnn Pv iivon >d ,nPyn 
,rmn3 nv *p inNi rann K>\yp *tv nP>nro nPiy <inn npyn ’aP3 npnto 

.npntn rmpjp nnno tv owyp 


.2 m/sec im»nm non >qPd pnn <ju : k naan 
P\y jrowmn nmon onnn wm>nm wip’n Po nPio inv 

i nnynn 


im>nn 


nun ->9 Pd rnnjN np^m Piu nra wn 

0 sec a ^ 0 

1 sec • y 6.9 m 

2 sec • | 23.6 ra 


4.1 its 


























npnn n>wain - 4 p*ia 



.19.6 m/sec jmnwn nt-yn p*iw qn :’3 ffljm 

bv nwwKin mwn woro innmm inip>o bv nPio *rny 

.inynn 


tm'no 


Olp’O 


nPun ’9P3 noiN npm pid nra wn 
wunn .rnsn niTra mu’? mPm nmpiP pirn nTTO nmpin) 
(nPira - > 3'i3 PiPunn Puj lpn imra pro Nin nun ’sto 

2 sec • 19.6 m 


-24.5 m 


4.2 IT'S 
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wnit* npnti n>vain nP><o - 4 p ‘ifl 


npnt nnKnon niKiwomi ysammP o>Pia» unsK mnn«n noAian ya 
2-ii mow) n»Pyn nPv >aAp oa n>yoaia 3 >Kn hk mPno npyo >aPa nniK 
iP>3ki (i3Kanv noAiaa 5-i 4,3 mown) mn*fi aPv oai (uKanw noAiaa 

,(n>v>onn novn) npntn naip3 nnno nan> 
,nPyo >oPa npnta ooiva nmtP na .yiap Kin pinn noo >aPa npnta 

: o’Kan o>PPaa vonvo 

:npy» >oPa npnta 

:nin»non i»»aa vonvi nan»a ik n>pya nans <iun ay mntP na 

nin»: <iun v < 0 n»Pya «jun v > 0 
naun K»va v = o 

p>oa nrarwi n>nnno ik npntn ji-tipi Pyo xa»i <iun ay mntP na 

rpnynn 

npntn naip3 nnno <^nn y < o npntn naipi Pyo <iun y > 0 
npntn mipia y = o 


.aty niKiwo aooo tmoP na nPyo >aPa npntn niKiwoa vwoy vonvo 

:naiAn n>vP ay yarn 
.ookP nn\y it ntipia mamonv *p >a> ay i>diko naun k>v 
v = v 0 - gt :jiia>non nnona vorno 

:Pap3i v=o a’yji ,t jik aaias 


t = — :naun k>vP ay ptn 
g 


(4.13) 


.naun k>vP nyinn yAaP ay npntn yAao yatn nn naKra it nniivo 


:>nPnnnn nauP natnP ayi npntn yAao lotn 
.oqkP nnv it naipia pnynnw *ra >a> Py n3>aiKO mPnnnn nauP natnn 
.mPnnnn nauP natnp ayi npntn yAao ptn hk kho3 

y = v 0 't - i-gt 2 :pnynn nnoua vonw 

fin aaias 

(4.14) 


:Papsi y=o an»i ,t 



uoo nauP «iun atm ia yiaP ayi npntn yAao iotn ok naKno it gkiwo 

.pat3 

:nKan nipoon hk p’onP in>3 nixiwon >nvo 
ay naun k>v» natnn i»tP nnv naun «>vP ay np»atn naipso n»Pyn lot 

npntn naipiP 
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fl’aiN npnti n>w£nn nPnj - 4 pia 


:nann m>w 

woiwa .osmP mw mipia nn>nnn\y *pn i’qino nann n>vw pmo 

:nn>nni pnyn mv/pnn nNiwm 


v 2 = v 0 2 - 2-g-y 


:y max no’oaon nann hk aumi ,y hk tihi ,v=0 :nn ano 



(4.15) 


.npntn nupi 5m rawn hw impi P\y rann nx mxno it nxniya 


.20 m/sec manna nPyn nPa pan ana : h noAn 
?nPnnnn nanp atm anan\t> ayi npntn yAan ptn inn n 

?nittn k>v inn .a 

5m 10 m mm iron in yAaP *ryi npntn yAan ptn wo .a 

?npntn impi 

?npntn mipi 5m 10 m nxsnin ntipaa manon no .*r 


2 • Vr» 2*20 ■ . 

t = - g 0 = 9 8 = 4.08 sec :4.14 nxiwoa vmswi x :ims 

V 2 ■ 20 2 

ymax = 2^ = 2T9-8 = 20 4 m :4.15 nxiwna worno .a 
:y = 10 m xin )imn avxa ,4.8 nxiwna vomo .a 
y = Vo-t - i-g-t 2 =# 10 = 20-t - •-9.8-t 2 


t1.2 


:xin myiann nxiwnP panon 

20 ± V(—20) 2 - 4-4.9-10 _ 20 ± 14.28 
2-4.9 9.8 


1 1,2 = 0.583 sec ; 3.5 sec 

10 m-a nniaAn rmpin nx n mnv9x mawn nv nPa’p 
oym n>Pya ova- o”nyo ^nn aaiy npntn rmpjn 

.n*rnn 

:o>asnn o\ya it naipia rnunon nx xsm .a 

v = v 0 -g-t = 20 - 9.8-0.583 = 14.3 — 


v = v 0 -g-t = 20 - 9.8-3.5 = -14.3 — 

& sec 

■lima naiani Pina nnvy manon 
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npnn n>vain nP>aj - 4 paa 


10 m/sec nn»noa 20 m inaixv i>n vmao pan arta 
. mmn mv'y *ty *j>\yQQ Kin iivT’a>a .nPyn 
nripi r>K n*t>a’a aaiy Kin awna aiaan ma’no >no k 

?npntn 

?ypapa yxa> pat noa 'yin .a 
?ypapa nyuan yxaa man nia’no ’no .x 
?ya?n Pv nnipJiQa niamon <px nm» ta’a .t 

.ookP mw pnynnw Kin >nPnnnn naixn hk y”QKon k 

:4.8 nKiwoa jik* ana 

v 2 = vo 2 - 2 - g-y 


v 2 = V 0 2 


V = ± Vo 


nronoP nPaixa row ma>non ,(y=0) ’nPnnnn naua 
.(-v 0 ) n*r>a’a roP’twi (+v 0 ) n’Pya n’ai’n K’ro ,np>atn 

jmpx nnno 20 m ,ypapa ny>xan yor jik nmP na .a 
: pnynn nntma y = -20 m ana ,np>atn 

y vq *t - ^-g-t 2 => -20 = 10 * t - ^-9.8-t 2 


:Kin royiann nKiwnP yman 


10 ± V(-10) 2 + 4-4.9-20 _ 10 ± 22.18 
tl 2 “ 2-4.9 9.8 

ti .2 = -1.24 sec ; 3.28 sec 

many K’n nawnn ppi ,ni’nP Pia> U’k ’P’Pwn yianan 

.3.28 sec anKP ainm ji9vP y>xo 


v = Vo - g-t = 10 - 9.8-3.28 = -22.14 


:K’n m yxaa inia’no .x 

m 


sec 


(nooP Kin ma’non ynnw pa K’n (-)- n ya>o royovo) 

v fJJLl ,-g iyi9W\y a\u> ip Kin *pxn .a 

LsecJ 



t [sec] 


•a noxn 


liana 
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ji’sjn npnn jwaw nb’oi - 4 pna 


pian oia»t> 

nyiap nsiNna iua 'ph oPaii 'pan *ma >iaa anp ossein o>ann ^a 

,nn>ir n>«<n nminnv; nnina 9.8m/sec 2 

:n>vain n^>aj 


V = g-t 



V 2 = 2-g-y 


n9yo >a*a n>aiK npnt- 

V = V 0 - g-t 

y = ^-< 

y = v 0 -t - j-g-t 2 
v 2 = v 0 2 - 2-g-y 

t = — maun ty ptn 

g 

t _ 2^vo :>fl ^ nnnn na13 ^ nwi ^ pm 

g 

v 0 2 

y max - 2 % :naun h>v 


noo >a*a n>ajN np>*ir 

V - Vo + g-t 

i-T*- 
Vo-t + j-g-t 2 

v 2 = Vo 2 + 2-g-y 
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n>aiK npnn n>vam nP>ai - 4 paa 




jivoiin’ji mbN\y 

anyiapa aaian nmKnP onmnP po patyav nmmn po .1 

aoaKP row wnmo nPyo >aPa pann <)n nyon -ja^P pm .2 

aoaKP row inmKn nPyo ’aPa pann <)n nyon *raiKP pm .3 

?oaKP rmv ipnyn nPyo ’aPa pann <^n nyon *jaiKP p>n A 

?nmm moi n>P>P\y Km nPyo >aPa pann <in P\y mnmo mo .5 

?>P>Pw pnyn mo .6 
?>avn moi >P>P\y kid nPyo >aPa pann <)U Pv ipnyn mo .7 
lotn ,nPyo >aPa anv nPm niamoa <jn pianv Paa\y aoKP pai okd .8 
?am> Pm Kin o’Pk natnP tv aniKa nm» Kin\y 
n>P>P\y H>n nPyo >aPa pann <)n Pw iniamo iai amK w> OKn .9 

?>ai>n ipnyni 

ipnyni now Km nPyo >aPa pann <in P\y iniamo iai amK \y> OKn .10 

?>P>Pw 

?rmpm nniKa nan>a <)nn niamoi n>Pya <]n mamo pa Paann mo .11 
?o 3 K Km yma nynan yiaa iniamo okd .n’vam nP’aia Pan <yiA .12 
<pn .pm ^ nnpnaa niamon <pi ,mia>K piKa ,d’K*o ama .13 
?nPyo >aPa n>aiK pann <in P\y .yam Pw n’spnaa nmKnn 

jivaw»n mbN\y 

’K DO") 

.200 m maniy Paio vKao n>\yain nP>aia nPan pK .1 
nPmna ,npnm naipiP t?n>a pKn oipm nai nPao ’any/pay .k 
.nyonn P\y nowKan mown wono nnK Pa anKPi ,nyonn 
anK Pan .Paion nmnno h nnnn nK nPaoP >a’t>m/<pm .a 

oooimo 

.oootno anK Paa ,PaioP on>n pKn oipaa jik aim >/ooaw .x 
.ooomo anK Paa ,pKn mamo nK nPaoP ’amm/^om .a 
'p narya ,o’iotno anK Paa pKn aiamo aK av^a >/ooa\y .n 

.aiamoa PanP iPana o>Kfion 

.20 m/sec nia’noa loo m manv Paio \yKao nPyo a>aiK pan ana .2 
nPmaa ,np>atn aaipiP tm>a anan oipm nai nPao ’aay/*[ny .k 
.nyoan P\y aowKan avi\yn wono anK Pa anKPi ,nyoan 
anK Paa ,Paion n>nnno h nann dk nPaoP >amm/^om .a 

.o>iotno 

.o’lotno anK Paa ,PaioP on>a anan taip’o dk ai>^a >/ooa\y .x 
.taoomo anK Paa ,aiaan nia’no dk nPaoP ’a’tnn/^om .a 
'{n natya ,oootno anK Paa anan immo dk ai^a >/ooa\y .n 

.nnmon PanP iPana o’Knon 
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ji>3in npnn n>warn na>aj - 4 paa 


.5 m/sec immoa 200 m manw aaAO wrno non nniN npan pN .3 
namna ,npnrn mipia on’a pan oip’o nai naao ’aay/*pay .x 
.nyonn aw rmiwmn mown wono nnN aa anriai ,nyonn 
triK aaa paAon n’nnno h naun nn naaoa ’a’tnn/<pin .a 

.ooorno 

.ooorno ann aaa paAoa on’a prm oip’o dk aion ’/ooaw .a 
.ooorno *mN aaa ,pKn nn>no dn naaoa ’3’oinApin .a 
'p narya .ooorno ana aaa pan rm’no ux av:n ’/ooaw .n 

.im’non aana Pana o’Nnon 
.aNO niaA aaAO WKaO fl’wain nnO^a niVi p 33 A 
apisn aw mrtannnn iim’no >no .x 
anyon aw 5 sec anna lpnym um’no ’no .a 
pnaoa .n’wain na’aia naaon pN kso’h .nannw yAao pr noa *pn .5 

ana’ain rmpio 10 m bv 

rm’noa .mwain na’aia aaon ana y’A’ .rnanw yAao pr noa *pn .6 

?10 m/sec aw 

nmn .ri’wain na’aia rPaon pK aw mP’ai rmpi nnno onoo noa .7 

?20 m/sec nim’no 

.20 m/sec immoa noo ’aaa pan 'pn .8 
?^ann aw miPnnnn wm’no ’no n 
? nyon aw 5 sec nn*a ipnyni imamo ’no .a 
.pm aw n’spnaa im’non <pA dn ’/ooaw .a 
20 m/sec immoa npann pN nso’d .nannw yAao pr noa *pri .9 

anpnm rmpio 10 m aw pnaoa poo >aaa 
20 m/sec aw immoa nparin pn yon ,nannw yAao pr noa *pn .10 

?40 m/sec aw nia’noa noo ’aaa 

20 m/sec nn’noa pann ana aw wa’33 rmpi nnno onoo noa .11 

730 m/sec inn’no nmn ,noo ’aaa 
.20 m/sec niamoa nayo >aaa para 'pn .12 
a'pnn aw mnannnn um’no >no .k 

:anxa ipnyni wm>no >no .a 

5 sec (3) 3 sec (2) 1 sec (1) 

.40 m/sec nia’noa nayo ’aaa pan ana .13 
anann N’wa anan nn’no ’no .n 
aiipun aw naiAn K’w ino .a 
anaiAn K’wa anan v’A’ npnrn viao pr noa *rin .a 
anp’arn naiAa anan airn> npnrn vAao pr noa *jin .a 
.pm aw n’apaiaa mamon <pA dk ’/ooaw .n 

.30 m/sec ma’noa navo ’aaa pan ana .14 
?noo ’aaa 20 m/sec immoa n>n’ npnrn viao pr noa *rin .h 
anp’arn mipi ayo 10 m anan nw npnrn viao pr noa Tin .a 

anp’arn rmpj nnno 10 m anan n’n’ npnrn viao pr noa fin .a 
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n>ajH npnn moain nP>aj - 4 paa 


.20 m/sec mamoa nPyo >aPa pan ana .15 
?5 m/sec imamo nmn npnrn nmpi Pyo onoo nto h 
?30 m/sec imamo Pan nm> npnrn n*npi nrtn>D onoo noa .a 
:nHaojjHnipin nn may’ mamo irma .a 
npnrn nmpiP nnno 4 m KM) ' npnrn mripi Pyo 4 m (I) 

■a non 

.moain nP’aia nPaio pH .16 
?nnP’ai Po mo’Pon n>wi nPo mnmon opo into .h 
?nnP>9i Po mo’Pon noon nPo pnynn oi>o mo .a \ 

.20 m/sec mamoa nPyo ’9Pa npnn pH .17 
?nyonn Po noionnn moon oiPon nPo pnynn >o>o mo .h 
? nnyon Po nuionnn moon oiPon pnn nnoyo ^ann mo .a 
.10 m inyon Po nivwHn noon nniyi moain nP’ain Pan ana .18 

?Pai nan nr>no 

H’o oaP niinnHn noon nnyo pnnon mo .nPyo ’aPa pan ana .19 

?nann 

.10%-a nPnA mianHn noon imnmoi moain nP’aia Pan 'pn .20 
?ypnpn ^ann 'xv nyoan mamo mo .h 
T'pnn Pai nan nr’no .a 

50 m nana) oiPn pn na Py naPinn pH nnia pPno n9ian oth .21 
onnyon oo pa oooim onan .noo >9Pa on nPyo ’aPa da (ypnpno 
?pnn npnr mamo mo .5 sec Hin naipin nmn oa Py 
.100 m inano ion onno 20 m/sec mamoa noo >9Pa pan ana .22 
.no ana loan mnnno nPyo >9Pa pan yAnn inina 
70’ann no loAai ,npnrn yAao ior noa annP .h 
nooano nn oon anan Po npnrn mamo mmP nnna no .a 
?onn»a >nPnnnn pnaon manon nmn onon 
.100 m mano ina onao 20 m/sec mamoa noo ’aPa pan ana .23 
mamoa no ana ,ioan n>nnno ,nPyo >aPn pnn yAan imna 

.30 m/sec 

?onnnn ioAa> inan nannp oma ,pm .h 
? nynan yAaa ono inn Pa mamo nmn no .a 
,o>anan ooP lorn Po mapiian mamon <pA nn >/ooao .a 
npan *p ann moo >no .50 m nano moain nP’ain nP9n pH .24 

.noo ’9Pa noo pH n*npm nmno 
na noon pnn Po mnPnnnn nmamo mmP nana no .h 
pspna nyoan yAaa nmn ooann i>a moAinnno 
?nynan yAaa ooanno nnn Pa mamo nr napoa nmn no .a 
.ooann >noP pm Po mapman ma>non <pA nn >/ooao .a 
Po oaana 20 m/sec Po nnr mamoa nPyo >aPn o’pan onna no .25 

?ioA9> pm .nnn noo 
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n>3JN np>an n>wain nP>aj - 4 paa 


.200 m iniuw pa wkpo 10 m/sec nia’noa noo ’aPa pan hid .26 
.nPyo ’aPa ow hid pan n’nnno pan fa anK mow wiPw 
mwADnnnw na own iudd Pw npnrn nia’no ni’nP nans no k 
? pan mypap Pyo 10 m *rny’n onmn pa 
mwAinnnw na own man Pw npntn nn’no ni’nP nans no .a 
?own anan npn* yAao l sec *Tay’n onnan pa 
man awKa .10 m/sec Pw nyiap nn’noa nPyo >aPa nPiy naia ana .27 
.aoiKa Dtjui pw ooo ksio ypapn Pyo 200 m naua ksod naian 
?ypapa yAa’ Kin pwn aianw yAao pt noa 'Tin .k 
? ypapa pwn nyoa nn>no ’no .a 
.pwn aianw yAao pm Pw n’spoaa m*i>non Pw <t*ia >/ooaw .a 
, nPyo ’aPa nia’w’ ,yiKn ana oa Py nnooo mPyP P’nno P’o .28 
.pPn ooo pno 500 m nana Kin awKa .4 m/sec 2 Pw nyiap nsiKna 
?ypapa pPnn yA3’ P’on Pw n’Pyn nP’nn yAao pt noa “fin .k 

?ypapa pPnn nyoa nia’no mo .a 
nP’nn yAao pm Pw nnpoaa pPnn niamo Pw <pA >/woaw .a 

.P’on Pw nyonn 

nno nma Kin fa anK .30 sec mwain nnosa naiDii oiooo s;aip pis .29 
.-10 m/sec 2 Pw noiKna 3 m/sec Pw nyiap nnmoP iniK K’aon 

.ypapp y’Ao Kin 300 m any anKP 
?pnn ^ap ooo nann ino k 
?nnosn naaK pr noa .a 
ayi nnosn yAao pm Pw n’spoaa pnn ma’no Pw <pA ’/ooaw .a 

.pKa nyoaP 

naain o>oP inooa oy t>oi ,3 m naoo oak *jinP Paio naaiy ana .30 
4 sec anKP OAKn n’ypapa yAi9 anan .nyiap nia’noP inyoa nia’no 

?DAKn poiy ino .o’oa nyon Pw 

nia’no .o’oa nyoan Pip yowl nnP’aD anKP 5 sec .PKaP nP9io pK .31 
?aKan poiy ino .300 m/sec K’n aoiKa Pipn 
Pw nyiap nsiKna ,nPyo nia’w’ .spKn ana oa Py nnooo nPiy P’o .32 
nn’noa ow P’o ooo nao ,30 m/sec ma’noa P’on awKa .2 m/sec 2 

.pwKpn P’oP morn noo ’aPa 10 m/sec 
?ypapa own P’on yA9’ >a’n yAao pt noa “fin .k 
?ypapa own P’on nyoa nia’no >no .a 
oki ,pwKan P’on nia’no nK ni’w kP own P’on n’w n>o ok .a 
yAao pr noa fin ,nsiKn Pw 50 sec -P p’aon pPanw noi 
T’fpKn ana Pk nam pwKan P’on yo’ ’pKn anao nK’sm 
Pw nyiap nsiKn mpa Papo y’Pp .80 cm Pw nip -piK naiaP .33 

.4000 m/sec 2 

,y’Ppn ksv ooo mpn nspp on’a ,y’Ppn nyon Pw naon k’w ino 

?nPyo nia’w’ pao mpn ok 
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fi>33« npnn ji>y>qw nP>9i - 4 pi 9 



jin omioi <\n o’P’qo ,min jisinji im’ioP ,n>v«nn nP>93i noni 

.uiP’u pt 

jin o’PnAoi punno o.5m mm <pn iwni nmon jin o’Pmno 

.i.5m P\y mnP *ty ,oyQ Pn 20cm-i nmn 
,nNin nPion jin >>i’P\yn/oPiyn .n 
. jwiinn nP>un niNhon jmyi 
imiONn JiiNiinn po piynP m 

.PipnnP 

P\y n’lpjin nmn 5v <yn »/ww .1 
.nP><nn pi¬ 
py n’npjioi ninn py <pA >/ooiy .a 
.nP’iin pt ynn 
.min jiiinji jin iviq’wg iynP m o’jnAnn *rnNi yyanyn .1 
,h nma nm o’P’oo ,min jiiind jin>ddP ,n>y9in nP><ni nt?ni 

.IJlP’lJ pj JIN Q’TTIGI 
:niNin niNinin iPipjin 
nin py ’inj>P <pA >/oony .n 
> nypi nptn py n’lpiiii np’*nn 
.nP><nn pt py 

Py ,(<nnt?ni msnn nP) <pAn p .1 
,p>n mtya iy> ip miyn h» 
n-nojy min jiiinji jin >/nig 

.noni 

pijiyo n>n mi ,noi- n’N nP><nn pti i>hng ay pi’nn gn .a 

?iiooiyy <pAn pmi’N iqini 

n «3 Dio Py omio ,min jiiinji dn’iq oyp p’ynn nP><ni >ioni 
Pi i>nn Py n-npj ,pt own rntyi .Pinn ^nn nimpnn jin 

.0.02 sec 
:Nin n»jn PipJiG 


a nan 

34 


h [m] 

t [sec] 

1.2 

0.49 

10 

0.45 

1.4 

0.53 

1.6 i 

1 

0.57 

1.8 

0.61 

2.0 1 

0.64 



* 

• t 

• 




j 

yT 

Y2 ^ Y3 

Y4 1 


.35 


.36 


4 4 n ' PS :on iia’t>n *i>no amom aauuna pPn 

yi = 0.4 cm ; y 2 = 0.8 cm ; y 3 = 1.2 cm ; 

.yi yopn nP>nm Ji’JiPniinn jiwnon jin >/iwn .n 

,y 4 jin >/iyn .1 

JiP'nna pm py n’lpjin y-nn *rnN Pi py <pA >/ooiy .a 

Pipnon <pAn jin >/non .nmon 
,iiy>n ivnii >ny mtyi <pAn p min miNri jin >/iyn .*t 
njop mmn niiNiini -pi>n nin i>nn jiyuno nNiinn n*r>ni .n 
?nvxnyy <pAn >nii'N piNi ,nMiy> mi ,min jiiinjig 
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nojN np’an n’vam nP>oj - 4 paa 


\y’P\y aay nnanKn nowai ,10 m/sec jm»nm noo > 9 to pan tm .37 

?pan nan mmo .aayw nnnn Pan 

owni nPyo ’9Pa *rnKn .nnt nano nm niamoa o’pan o’9n o\y .38 
.nm Km ^iKa o’ 9 nn o\y P\y ny’A 9 n niamow nam .noo ’9Pa 
,ptn Po n’tspii9a nsiKn Po o’9PAn mia’K piKa omai au>a .39 
:>aAP ,prn Po n’upii 9 a pnyn ,ptn Po nojp3i9a niamo 

.n’\y9in nP’9ia P9im ^n .k 
, v 0 niamoa nPyo >aPa pann <pA .a 
,v 0 niamoa noo ’9Pa pann <)iA .a 

10 ~ 3 sec P\y asp pt -fooa ypapa vaiq .ypapno 10 m nano P 910 <) 1 A .40 

Py Pyi9n niano nnma .ypapa yA9 na niamo Pan wiKa anni 
mtipii9a mnmo <iaA jin ’/ooao ,yiap Kin natna yAon pta anan 
.nann K’oP natn iynnP ayi niano yAao ptn Po 
nann ok ,n’\y9in nP’9ia P9im <in Po nmon pt PtA> noa >9 k .41 

?o”io >9 PaA’ <inn P 90 000 

,n’09in nP’9ia P 9 iin <^n Po ypapa ny>A 9 n niamo PaA>n noa >9 .a 

?o”io >9 PaA’ <)nn Pan 000 nann ok 
niamo ok ,nPyo >aPa pann <in Po nann K’o PaA> noa >9 .a 

?o’o\y ’9 PaAn npntn 

ok ,nPyo >9Pa pann <in Po aoiKa nmon pr PaA> noa »a .a 

?o”i\y ’9 nPaA npntn niamo 

,nPyo >9Pa pann <in Po ypapa ny>A9n ma>no PaA’n noa ’a .n 

?o”io >9 nPaA np’mn niamo ok 

Pk P 901 ana pno 2 m/sec Po nyiap ma>noa nPiyn n’Pyo napno .42 

.napnno 2 m pnaoa nKsom n’Pyon nmnn 
?nama anan yA9> pr noa -yin .k 
?n9ma nyoan niamo >no .a 
an’PyoP mom ,aiaan Po pnynn ’ino mo .a 
aypapp mom ,anan Po pnynn ’ii’\y mo .a 
?ypapp n’tm’ ,aiaan aayo *jaan mo .n 
avma ,ana pno 2 m/sec 2 Pvy nyiap nmKna nPiyn n’Pyo napno .43 
2 m pnaoa nKsom n’Pyon nmnn Pk P 901 ,4 m/sec n’Pyon niamo 

.napnno 

?n9tna anan yA9> pr noa *rin .k 
? n9tna nynan nia’no mo .a 
?ypapp n’on’ ,aiaan P\y pnynn ’ii’w mo .a 
’ 9 Pa pan nn9t*’ao .10 m/sec Po nyiap nnmon nPiy aa naon n’Pyo .44 
.n’PyoP nmn’ 20 m/sec Pw n’nPnnn niamoa ana nPyo 
?n’Pyon n9ti’aa anan yA9’ pt noa *pn .k 
? n’Pyon n9H’aa anan Pvy ny’Aan niamo mo .a 
?ypapp nmn’ anan pnyn ’U’\y mo .a 
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nnwn 

y=122.5m .A v = 49m/sec .n v o =0 .K .4 

t = 1.43sec .5 

t = 1.02 sec .6 
y=20.4m .7 

y=222.5 m A v = 69m/sec .1 vo=20m/sec .K .8 

t =0.45 sec .9 
t =2.04sec .10 
y=2 5.5 m .11 

Vi = 10.2m/sec y 1 = 15.1m .1 v o =20m/sec .N .12 
V 3 = -9.4m y3=15.9m ; v 5 =-29m/sec ys=-22.5m 
t = 8.16sec .7 t=4.08sec .A y=81.63m v=0 .K .13 

t = 4.53sec .A t=5.76sec ; 0.35sec .7 t = 5.1sec N .14 
y=-25.51m .3 y=19.13m .K .15 

v = -21.87m/sec (II) v = ± 17.93 m/sec (I) .A 

Ay=24.5m .1 Av = 9.8m/sec .N .16 
d=24.92m .9 Ay = 15.9m ,K .17 
h=l 1.33m .18 
Ay=4.9 m .19 
h=592.9m .n v = 107.8m/sec .N .20 
Vo=39.75m/sec .21 
vq-37. 15m/sec .1 t = 1.75sec .K .22 
v l = 39.6m/sec ; v 2 =10.4m/sec .1 y=40.4m .K .23 
v 2 =31.3m/sec ; v 2 =47.7m/sec .1 v 0 =36m/sec .K .24 

nasnnn 19.18m .25 
v 0 = 86.5m/sec .1 Vo=15 .59m/sec .K .26 

v = -63.4m/sec ,9 t=7.49sec .K .27 
v = -117.5m/sec .D t = 34.25sec .N .28 
t = 159. lsec .1 h=9,031.35 m .H .29 
h=30.67m .30 
h=105.82 m .31 

t = 85sec .A v = -69. 35m/sec .n t=9.12sec .K .32 

h=326.53m .33 

g = 10m/sec 2 .7 y 4 = 1.6cm .1 v o =0.1m/sec .N .36 

h = 151.5 m .37 

2 >9 .n 2 >9 .7 4 >9 .A y[2 >9 .1 v^2 >9 .K .41 

non Ay=0.722m .7 Ay=2m .A v = 4.26m/sec .:i t=0.64sec .K .42 

d = l. 13 m .n 

n^vn Ay=0.67m .A v = 1.71m/sec .1 t=0.582sec .K .43 

n5vn Ay=40.81 m .A v = 10m/sec .n t=4.08sec .K .44 
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niW>On nyiif> - 5 J713 


5 jna 

Wttl nvi3J1 


Niao 5.1 

sinion niNOxnn nN o'Nn 4 pnnm ,nw’ ipn nyonn nN mn>n 3 pnan 

.nniNn npnrni n’wainn nbnm - n nyonb nnnn 
>nwn da on’an p*n .mw’on nyonn nN nNno ]inn nN novo nrn pnan 
nwnb *mbo .nyaiwo npnn n’pnin npnr :iw>03 nyon bw nwmn 
nyonn ,iw>od nnoo nyon by .mw>on o>ym o>au ow yy n>on> nnmo 

.naon -jwann main -robi .n’bxyon 


1>nb x 
pnynn 
ipn yi 


y t 


© 


-x 


'N5. i tpx 


nv33N jiiyiin >n\y aib’VD *ii\y>an nyujin 5.2 

n n>m bw pnynn m>w nsp yn onm nwNn nnuo mw’on nyon 
nmwo on .nyonn *jbnon nmwo ,Y-n no$n ibw pnynn >o>w n^p 
^nn ,onom own ynp onoi nmwo pnynn on in .nnN n^n pn 
:(’N5.1 mo*) nNnn nmnn by bonoi ,yno inn!? no ,nw> 
.oronon nin oy ,(y -1 x) o>mn ow 
oooino (Y-i X) moio ow by o’nuoi 
nx by pn yob bio> nnn bn .nrb nr 
yxoi yxn bnn .bnwio Nin nbyw oion 
,ooip>o >a by ,o’nnnn ow o’ynip 
»*t» by (r n*npj) onowb naniwo nnopi 
.onowo o>NUi>n o’ooNn ompn *pn>n 
nmpm bw nyonn nno* nN oipni oniN 
x omnnn bw mown niyonn nyawnn , r 

•y-i 

oioj) ton non pn pnyn oown bmm 
,Y non pn nyon ,bwob ,w> on . ( ’n5. l 
Nb ,nw’ ipn nmn r nmpm nyonw nnn 
nno* Nbi ,x nnnn oip’o mo mwo 
,nynp ninrno) y nnnn bw nyonn 
.(noiwo in nynp nmNn 
own noor in wnnno pnynn now on 
nyonn ,yinp onn bnN ,onom 
nNm bwob ,iw> ip pny N>n nbnpnon 
X ion pnynn noww (05.1 m>u) noxn 
.Y non pnynn nowo 2 ’a yxn bnn bm 
:Nin ipn yia’w ,nw> ip bw biboo bnpno 




Av 1 
Ax 2 
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‘iw>oa nyun - 5 p*ia 


tnn nun pnynn >u>\y piip pi onm nvmp pi nsnm nvn ipp kP \v nyun 
pnynn >u>w pup ino ,Ppk .pm ronw> u\yn n>up pnynn >u>\y pupP 
:K>n n>PK uyAmy nipooniy nnoiK nm .ninmon >nu ?pm -jwap 

ronvu Y n>ypi X n>yp m>Yi>n»n on> pvkp iron mv>»p nyun 

.nyunn iPnop 

yipp Kin x nun pnynn >u>v/ pup np (5.2 m>u) nmn Py P\yaP Ppnto 
p-tai -[Pin Y vup pnynn >u>w pup iP’ki ,(nynp nivnop yi nnnn) 

.(nyipp nuiKnp nyunp ,PwaP ,yj nnnn) 
.nPipna kPk n\y> ip kP up K>n nPppnan nyunn 



D’T>sn ’juji njiuun nvinvm dtt ’"u msu monm nuun : 5.2 ivs 


nyipp K>n X vup nn>nnn\y pi>p» ,n nmm njnvn ni>n>non on> 
.nyunn -[Pnop P*tai 7 pm vy on>nv -p ,nP*TAi npPm Y vup ninmoni 

VX 


Pv piP’v Pyp nivnop nyunn Py PpntnnP [nuv hip ,vvny *ry u>Kn\y noo 
,nuar n onP\y piP’wnw ,Y nun nyum x n>up nyun :nmai niyun >n\y 

.nw>op nyunn dk nun 

ip fliwnjton nnnoi niyun >nv Pv pip>v N>n niv>»p nyun 
ypp> iii>p Ppp nyunn an? Y [imp nyum X iivpp nyun ,nuor 

.piv>op nyunn nmu jik 

.im nyunn Py; >PPp niK’nP mpyi ,niY»»p nyunn nnuu *tuu> mn\y nnKP 
:oui\y o’p*iy nvyiPiy onnno niYnap nyunn nK oa ,nv;> ipp nyun isp 
n\y> ipp nyun )>p Pnpnn .nyunn *yPnop oumynn ,nuiKni ninma ,pnyn 
iniK Py o>Kuai p>K mvnap nyunp ti’pnyn nvnPiyv Kin nw>ap nyum 
.nyunn -[Pnap Kin da nmwon ,iPY>a pup y» ona *rnK PpP kPk ,ipn 
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*I1V>03 nyilfl - 5 



pnynn -nopu 5.3 

VA-) tm IDlp’D ,-|1\y’03 Vi 'lU 1WKD 

Ti\y>o:i rmpj n» Py ,*noK3 ,V9iK» 
'iv pn niiiwnn Py Pdhoj .X-Y 
>n\ybD nyura iw»03 yjn <in 'jv oip’nn 
bv biPt?nn Kipj AB ipn .(5.3 -iv:*) 

.nyunn 

X )>y 1K1HD t VA“0 yA*l tOtl <1WD 'TO DDIp’O 
“iiopii ,r(t)-a pit»on pnynn “iiopii n> 
o’vsn d>wk*i pmon jik *t*n>o nr 
.t ima f^nn nsm ro ntipim 
.onmn ik U1VD3 ,mi» imn twiod JiunwnP tm> r(t) pnynn mopn 

.nn’no \y> pnynn >u>\y yp in mpo Pan 
n>\wi pi>no *iv> ipn nyun - mPn ym >ii’w P\y nmn yp u>isP\y mm 
m>y) PAvm nyun - *rnPn }ii>n nviy P\y nmm ,(’k 5.4 m>n) on>sn 

:(’i5.a 


m* ninn pnunn nupn :5.3 tps 
nsidj ni rmpjn ni] o^Tun ipiuki 

.*i\2n 



X 



X 


.71*22 r 1ir*2 '■'LPl!) - *23Uni HUHTl .1 .72*21 r *2712 7 UP 1[22 .7IJ1JJ1 N :5.4 7PH 


ton in mp>)o\y in ,y-i x nnon pnot> inn in tw pnynn mopn nK 
Y .Y 1^11 X n^n t>v mo^nnpn n> ^y inj> yAm yAn 



iKin r nopnm y-i x niomniNipn i>n n\ypn 


x = r-cos(a) 
y = r*sin(a) 


(5.1) 


pnynn mopn dn Kon^? in>^ ,i*onn pvnn 

noon mm 


:h )n vnon >nmn ,nn>m f mopnn mn 


pjiunn nupn prrn :5.5 irs 
. 0' l 2" l 27*2 


r = yfx^ + y 2 
tg(a) = | 


(5.2) 
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'iio>a 3 nyiin - 5 p ‘ifl 


nn»non iwpii 5.4 

.1P0 movwn kid pm *joo 3 <in Po pnynn Po ’o>on 33 p 
natm npaio nwm ny^inon nmopnn nvonon Po opo*ran rrmnn) 

.(poon <1103 

ion PiPooP p>oDn 1103 xin nnooo rmpj 3 n>wnn rm>non oiopo poo 

.<103 Po pnynn ooo 1103 da int .rmpi 3 AB 

Y 



•Y-i x on’sn py i> 3>33 ooP p 3 Qp po n>wnn onmon 3 iopn ok oa 
\8 01031 v iPtiao ropn nvono Po oiopo Py P3003 ok 



niTYmn nupn pit's :5.7 tps 


v x = v-cos(0) 
v Y = v*sin(0) 


:on ^nop^nn >i>:n 

(5.3) 


piQnn 11033 

:K1D 03>33 >roio3 01031 v oiopiin P*T1A 


/ 2 2 
V = \ Vx + V Y 


tg(0) 


V_Y 

VX 


(5.4) 
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nyiift - 5 ppa 


naiNfln 5.5 

n> Py tnAin .nnman >ii’vn ,*iiopu K’n n’VAnn nn»nonw pvDn 
.onmn in rmim ,nn>non Phad nvnP Pid> ,rmNnn 
nPw ,vtai>d iii’D ruiNriP vn) .nwnon >u>\y pi’D Nin nsiNnn Piopri vi>d 
nnn ,111’D Pdd nrnp Pid> rmNnn iivd .PiPooP np’WD nrorw nwnon idd 

(nronnn ’ivw pi>D >o Py 

.y-1 X on’^n Py i>i>di m/P pdda n>yAnn ninNnn *iiopn dn oa 
:9 IAII’01 a lP*T1A\y H’yAP DijlND PWpll Py PDJlOA ON 

Y 


X 

nmNnn mupn pma :5.8 tpji 

:on poplin >n>:n 
(5.5) 
:*pann pvD 3 

:nid vd»d*i >daidi iaivdi a Piopnn P*m 

(5.6) 


rrripA Pdd ip w> o'loo PiPoqd <^ia P\y inynn -piNP .oid’oP 

:0’ft3 A □m'ivd nvnPwn .omopii n\yiP\y ,rmpn 
.onmn n>\yNiP t>n>D <yiAn oip’o dn nNion r pnynn -iiopii 
.PiPooP p’\yo Nin iaipdi ,pnynn >u»\y iivd on dnyod v Jin’non Yiopn 

.nn’non >iA’\y pio dn dnydd a n^iNnn iiopii 

nyiAnn vni ,Y-i X o’-i’^n Py i>d>ddP pisP p>A omopiino *mN Pd dn 
> iA>\y Py dndo X pi>DD nronon .nmoA myiAii >nw P\y oido n>d nnw>on 
.X d>^d nnmon >iA’\y dn dndq x d>ajd nAJiNnm ,x i>An pnynn 
.nn>DQD >iA>\y Py n^iNnm pnynn >iA’\y Py nn>non hndo ,Y inn ,-tdqjd 
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P1V>QP 71JMI1 - 5 pPfl 


ivpaiN npnr - nyurib nmn 5.6 

ppp nyipp nwnn P\y piPny kpi ,pw’dp nyun P\y pdip nowan nmun 
,n>paiN pppn <pA P\y nyiMin npi jikt- .m> ppp nyipp ptik 

,v 0 nP Kppiw nwnnp o>ioo npiAQ ,naA!pp Pppdp 
:*TP pkpa ’paiK pipp pinn <pA Pw AB nyiinn PiPod 


Vo 



.nynnn PiPonP ,pi>ap ,p’\yo ,vapi vap Ppp dpapp nippuan pip 
ni*na 3 myim >jwP nyiMin pipp mipp pppA PiPonn uppP ppt>nn hk 

.Y-i X onpn >ayp 

<yiA PpP) noo ppp g ppp ipikd v> .nnyain pPpa kpi nymn Y pp pipp 
A»3 Kin pip dt’kp DA\y)a kPi ,noo pPp *tpip ipikji v> p’iikp KAjmn 
,X- n ppp Kin nmPnnnn nnmon pip) nmPnnn nipmo pKi (vapp ihikp 

.(y pipp nmPnnn nipmo ppp pp pKi 
nipmo P\y piPnyn .nypp kp immon pPi hajikd PPpp pn x pp pipp 
tiidoP nPipiyn rnpmoP cniA Y ppp nP*TAi naPm rnpmoi x ppp nirnp 
ppp nipmon p poaP ppak oPpP nmn kP nnmnn) n od pPp nni’i pnv 
^ .(nyipp jipkimX 




jnpppnn g hhinhh 'I'ni nTm JKrtin mY p'sn nimu x P’si niT’nnn :5.10 ivs 

.nun uiy>i mv nuu nPipiun 


.pppi PPi PpP -nap kpqa nyuim dk niPKinan niKiiwan nK 
mipAta rmain y-i x nioAnpiKipn niPKno aiapi aiap Ppp <pAn oipm hn 
dki ,(x o =0 ;y o =0 oaK nvnP npnvn a>app pnynn dk pnpA) npntn 

,vy-i v x ippp >p\y oPKno a>ap Ppp <pah nipmo 
n>nPnnnn jiipmoni ,(v Y o=0) oaK Km Y pp pipp nmPnnnn Jiipmon 

(vxo=v 0 ) v 0 Km X pp pipp 
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'm/’oa nyun - 5 p*ia 


y { a 



TOTjrn irnuTrarip t* ■jd trr’awn u;ni inn ‘jm «pa "hd D\niun :5.ii nrs 

•VV-1 Vx lniTTO ’I’m ->7’ "7111 ,y-1 x 

.(myv plan inim niKiwon) iwam n>>ai K>n nyunn Y im 
v Y = g-t :k>d Y inn nn’non 


y = 2 'S' t2 


vx = v 0 

X = V X -t = Vo*t 


:Kin pnynn 

.nynp nn>non nynn n>d nyunn x *i>yn 
:v 0 )mn bs K>n x vm nrvnon 
:Kin pnynn 

:in ,ptn bv n’spnan ,n>paiKn npnrn niKiwn 


o 

> 

II 

X 

< 

X 

II 

< 

o 

1 *2 
y = j'S' 1 

Vy = gt 


7 rtnpvn nrwion jini r pnynn niopii nK o>3mn p tmn'? va*i ton p>3 

.5.4-15.2 jiikiwo nntyn 


jikiwo Kipi m *i\yp .porn m!?nn nbb x-b y jim *wpon >io>n way Knm 

,<)un bv aiboon 

dk n>sn ,x-b nKiwon )o t im Tini niKiwon po*n >it»n nK Pont? nn 

:y bv MKiwon anpnnw noon 


x 

X = Vo't =* t - — 

V 0 

1 *2 1 { * Y‘ 

y = 2 'g't = 2 ' g ‘(v^j 


y 2-v 0 2 


:K’n b'ibvnn hkiwo 
(5.8) 


n>i\yn nptnn >iPn y-v pion .nanna Kin n>paiK npntn nyunn 5i5oo 

.x bv 
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ffifttn - 5 pnd 


:o>N3n rmnpyn >9 nwvJ unn>9\y imiiwan \yio>\yn 


ivpaiN npnta o»b>nn p*ina nwnpv 
.n>n^nnnn im»nnn pvaa inai X vsa >avnn pvan .1 
,no» >aba Kin Y vsa >avnn pvan 

D>nmn .awnb o>»bymi o>iiron Vv na><n i>vt>yb v> .2 

.n^Kvn *?v >avnn pi>sn fn>na >a* o>»itni 
d’jifii >3va *pis v> xo=0,yo=0,voY=0;a Y =g :jnap laixav pva» .3 
_.fl>paw npnti n»wt> p'ina* *ra»a 


invvno ’n»i ioip>a in» .10 m/sec nivnaa n>p9iR pm <in :’h nmn 
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25.12 TPS 



























































iw>»a nyuit - 5 poa 


.2(fm TOMp'vmio ti>psm pin «•)•»> :>a nmvr 
?ypipa yA3> )ot noa im 


,<iun Pv npntn nn>no Pw luon lonw .mwaP nKii 
iilp yapi n>paiK npnt niap’ya i>iiKa nyunn pt ,PaK 

.npntn naiA 

y = l.g. t 2 =* t = ^ 2 g y = = 2 02 SeC W : f 

.pin uniib Pkp rowo kPi ,2.02 sec ihkP ypipa yAa> <iun 
nynan rtii>nn tiki >paiKn pnion tik nivn pin na nii>non 
m>P ,ypipa nyuan im>no 5 v >paiKn amn im) ypipa 

.nyunn p* m kPi ,(pm 


I = i'S’t 2 


:111M 



nsaa P’onP i»Py .360 km/hr immoa 2 km Pv naua 00 own 
5v n’Ki n>w n»Kai ,n>an p >paiK pmo nnna .n>a Py 

?nyaannK P>onP i>Py ,Ti>an 


a n»An 


B’TII 


n’Ni 


jjpf j v 2 :PiPoon nKiwna vtiwi 

kP uanw pmo ,oioon Pw mvnon K>n nan Pw Tui>non 

mod nnw kPk ,©ioon p mu 


K>n ^nn Pv n>paiKn tiii>non 


Kin >paiKn pmon 


K>n ,nyyan upon yAia ,moon PwWKin nuir 
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aiw»»a nyuji - 5 p*i 9 


rasa a>ona i>ay .360 kntfhr jm»noa 2 km aw nana w tnoo :n noxn 
.lOm/sec aw Jinnioa mya Jiytnin Jioiao ay 
anyyan jik a>ona vay noiaon p >p 9 iK pnan nma 


namn .nawman *inaa .o>aaa >nwa naKwn jik aiji 3 a p»j :r>nn 9 

:ny»nn pa jin aa tmp Kyoi ,am> 


y - T-g-t 2 


. . v ; t — 


2 -2000 
I 9.8 


20.2 sec 


X = v 0 ■ t —100-20.2=2020 m :nyyan noapjin ,ron pta 
x’ = v-t = 10-20.2 = 202m I'm pnao noapjin noiaon 

,ono>a pnaon ,nt aw tm>aa m o>yi noiaoni nyyanw iwao 

:o»pnaon oiao Kin ,nyy9n naon yxaa 
Xtotai = x + x’ = 2020 + 202 = 2222 m 
.noiaon aw noao jrnpao naKwn ay aajito ,nown *raaa 
:K»n (vji.i) oioon paa nva n>on>n nia>non 


v 2 - V! = 100 - (-10) 


m . 


jna’noa nyy 9 n>ay njiaui nnuoa K>n .jioiaon oao Jiaipio 
:kso3 aiawon JtKiwp jmya .110 m/sec 


12 -vo 2 -y _■ . 1 2 • 110 2 -2000 


1 2222 m 


nyavyo npnr - aisypa nyun!? nmn 5.7 
>nwaa Ji>ma pawn <px yyaow nyunn K>n aiw’oa nyona now noxia 
ox iaw jiiKiiwoa a>ao Kini aniKa nyonn aw >aaan mpon int .nayna 
90° -a npnw npaiK npnt iiKapin o°-a npnt aw D>>oa 9 n o>apon jik 
on>a ,nayo >aaa n>ma pawn <\\x ay na>nna aanto ,n>a 3 K npnt JiKapxn 

a 0 Junta v 0 imannn nwnoa ,nayna 
ppQiKn aiw>oa 
jimnon jik paai nyunn jik nma na 
:n>a>aa owa ivnannn 




vox = v 0 -cos(a 0 ) 
vqy = v 0 -sin(a 0 ) 


naa g aaia jiyiKJi w> .nayo *>aa nniK npnt K>n nyunn y a>y pvaa 
aw Y ana jik ,pa ,oko ^ixn .nayo naa v 0Y nnannn ma>no w>i ,noo 
.noo > 9 aa naaxi (p>tn) yn>a njwo Jiianon ow ,naixn K’wa ay imamo 
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Tvy>aa nvun - 5 p*is 


nvnp im»no 'yv 3 P>\yn .nyinp n> n im»non ptn n^iHH )>n X t>v pirn 
*inn *psn pirn nP*TA 73 *ir>Ni ,mun hw *tv niopi JD7in Jiwnm x Tnn 

.t>P©nn n*nvP o-m Y 



im ruraiin y t»sii ninip x t'hi mvnnn - rrtim ^3 misiiun np*ni :5.15 irs 

.n^un '•□'n jtdjn nsmn 

(vx,v Y ) jiivnon jini (x,y) mp’on jin nviNJion imwon jin nvoi 

.Tran fcn nvunn mn>i n> 

:rPvo >at73 d’djn npnt N>n nyunn Y t>v pirn 
voy = v 0 -sin(a 0 ) :N>n Ji’iPhrmn im>n»n 

y = vovt - ^*g-t 2 = vo-sin(a 0 )*t - ^g-t 2 :nid Y t> 23 pnynn 

Vy = Voy ~ g't = Vo’Sin(ao) - g-t :N>M Y T>V3 jm>non 

:nvnp jm»non N>n nyunn x i>y pvM 
:Nin X W3 pnynn 
:N>n x jin’non 

:p ,prn Pv n>spii33 ,rPyo >3to jiV3won npnrn jiiniwo 


^-r - t4 


x = v 0 -cos(a 0 ) -t 

- trj- —■- 

v x = v 0 -cos(a 0 ) 

y = Vo-sin(ao) -t - i-g-t 2 

v Y = v 0 -sin(a 0 ) - g-t 


x = Vox-t = v 0 -cos(a 0 )-t 
vx = vox = v 0 -cos(a 0 ) 


immon >3 ,jm>non pvs n» t>y V3pi ,(a) yni vat *>3 nyunn pi>3 

.nvunn 3PooP *r>)on np>wo 


tg(a) = 


vy 

v x 


(5.10) 
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*»w»oa ninin - 5 p*ia 


nxnonn ptn ivra n» 9y (x-i y yn nopn) 9i9onn hkiwo nx xuna 

:y *i>39 pnynn nxnonn irmni x *i>:s9 pnynn 


v 0 -cos(a 0 ) 

y - v 0 sin(a 0 ) Vo . cos ( ao ) 2 >g [v 0 -cos(a 0 )] 


y = x-tg(ao) 


g-x^ 


2 • vq 2 •cos 2 (a 0 ) 


(5.11) 


pi>90 n9i9*i9 9o nxnoo x>n n9yn >999 ny9ion npnt 9o 9i9oon nxiwn 
v .(nynp nnmn npvnn) x 9o nnon nptro x>n y 9o ni9nno 


,nijion >9i>nn in>9n m>ra .non >999 ny9ion npmn p*iti <)iA *wk9 
jm>nn )»*ry x>n x 9>m nvi>non .non > 9)79 irai >9i>nn )ii>9n i>o9yi 
:x>n 9i9onn 9*1 is .ptn oy n9iAi 1199 m Y *i>39 nn>nnni ,nyi9p 


i ' 



Vy 


y t*xi nn’nnni , nirap x t'si nrrnnn .nun ■•a'jn nuEniun np^ni .5.16 ivs 
* .nun ’□'J3 itdjn np’in inn 


.v Y -i y 9o onn>on on>99i ,g 9o p>on >ii>vn p*i xin nixiwod >n>on 
o>>9i>n on non >999 npnrdi ,nPvo >999 o>>9i>n v Y -i y n9yn >999 npntn 

.non > 9)79 


:p ,)mn 9o n>spii99 ,non >999 ny9ionn npnrn nix lion 


x = v 0 *cos(a 0 )*t 

Vx = v 0 -cos(a 0 ) 

y = v 0 -sin(a 0 ) -t + i-g-t 2 

v Y = v 0 -sin(a 0 ) + g-t 


(5.12) 
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nyiin - 5 p*ia 



paiKt> two 30° tw n’W3 15 m/sec tw nimnn:i pw nws 
?nyun 'rv l sec *ir»N> nron Kyn> p’n .k 
? m va*i 3 inimno nmn no .o 


K naAn 


on oowon 


:Kin »pQwn pnynn .k 
1 1 vo-cos(ao) -t i 15 -cos( 30 °) -1 = 12.99 m 

-.Kin voNn pnynn 


2 . 6 m-i npnm rmpjo mpow 12.99 m kso’ iron 
nPyo iron ok u>wyw awmno nyp -wok >k) .m>yo 

(n*tn»o ik 


K»n 9iAn W n’paiKn immnn .i 


Vx - vo-cos(oto) = 15 *cos( 30 °) = 12.99 


K’n n»D3Kn immnn 


mmnnn tw »:»Kn mnn jwav K»n >Wwn p>on liiynvn 
.non tom Kim mmn k>w dk nay imn .non >q^d Kin 

:Kin mvnnn trm 


-.Kin mmnnn pip 

: “ = - - 0.177 ==> a = - 10 . 04 ° 

.p9iKt> nnno K>n ji’mnw K»n io>on mynwo 
l sec *inKb 9 iAn oip>o jik mop w^y oPim unJK 


r?D Worm 'lilii 


litK 1 ? mp-’nn 
Nl<— 1 sec 

















*)V8»oa nyun - 5 J7TQ 



wma 10 m/sec im>n»a pk np*m 20 m inauv pa win 

.paiK> 45° 

?nasn:i pKn pan pt noa *rw k 
?yp*ipa pKn pan pan p >paiK pnio nr>Ka .a 
?yp*ipa ny>xan nvnno >n» .* 


a nwu 


on o>awon 


20 m f)nn >a PPv Kin y) 
Kbi npnrn rrnpi nnno 
(.n>!7VO 20 m 


T*ji uwnn njnn iin :5.18 it's 


g-t 2 :y *i>m pnynn nKiwoa vomo .k 


t - 20 = 0 :n>yia>i nKiiwP upn 

:on nunnan 

(-7.07) 2 - 4-4.9-(-20) _ 2.87sec 
2-4.9 -1.42sec 

Kin pnnan pip niymna yav p>ao 


: »paiKn pnynn nKiwoa vomo 
x = v 0 -cos(rto) -t = 10-cos(45°) -2.87 = 20.29 m 

.pan p n’paiK 20.29 m nasna pan pKn 


:nyiap K>n n>pamn nvwion .x 
Vx = vo-cos(ao) - 10-cos(45°) If 7.07 m/sec 

:K»n n>axKO nivnon 


vy = vo-sin(ao) - g-t = 10-sin(45°) -9.8-2.87 = -21 


Kin nPpvn nivnon P*m 


2.97 =* a = -71.4° :jm>non^n»D 


-110- 




















*no>o3 avija - 5 p-ia 


i 


.nvwnn t>in^ nrmvo Ai*np3 >ao o> 
aim 1100 pb riAQb aoqmo Avtipi 
Aioioon rawn m>o A*np3 pi ,nnni>o 
\ >AbnAnn mnb mtnn A*np3i ,H aima 
§ 1111 .R A1M3 11301001 mio AM*lp3n 

i*- r-4 

.^rroann raum miun :5.19 tps 
R 

x H = j ; yh = H ip nvnp^n o>pnynn 

xr = R ; yr = o 

v 0 nvonn bo o’>nbnnnn o>3iA3n pii R-i H o>b*nn i>3 *iop Misob ns 
.Ampin >aoo aam bob yunb <inb omn pw am ba o*np msoi a 0 -i 
AM A3»DKOf1 D31DA3 00A03 ,0>>A0n p n*T1p3 bbb pW AM MlUOb >13 
.mip3i o>3Aoon *rriM bo yn> iajd ooaoi i3»n ,rmp3n 



*T3> pm AM ,1A1TV3 ,pb MS03 .AVlWOn bO y 3>3*1 09MA0 A 31 AD M’03 
vy = vo’Sin(ao) - gt :D3Un M>ob 

_ Vo-sin(ao) - v Y _ v 0 ‘sin(ao) - 0 _ v 0 ‘sin(ao) 

H g g ~ g 


t H 


Vp-sinCao) 

g 


:raiAn M>ob *ry pw 


(5.12) 


:t H pw am ra 3>^303 ,Y a>S 3 pAvnn amhoo Aim muoi H nnnn am 
y = v 0 *sin(a 0 )*t - ^-g-t 2 


H = vo'sin(ao) 


vo»sin(a 0 ) 

g 


1 rv 0 -sin(a 0 )l 2 Vo 2 -sin 2 (a 0 ) 

2 ,g l g J 2-g 


u _ v 0 2 -sin 2 (a 0 ) 

"-2^8 


:ninn m>o 


(5.13) 


iA*im ,pb mso 3 .pAynn bo y 3>3i oqmao >Abr»Ann ranb n*iwn A*ripn 

:>nbnnnn ranb mwb *ryi npnw p pw am 

0 = v 0 -sin(a 0 )-t R - ^-g-tR 2 

.y=0-n MS03 <11311 0D3 OOOT bo A1311AQ >30-0’ 11 A>V13n DMIlOOb 
.13A1M A3»3VO Mb p103 M’fll (t=0) fiyWAA AbWA MW A1*np3f> ADM 
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*rtv»oa nyiMi - 5 p ‘ia 



>mnnn mm3 *ry ptn 


(.nnnn k>v> 3 tm>3 rmoo’t? nyunn’a ,t H pm p o”iv >a 3m t R pm) 
:X nm pnynn jikiwo 3 t R pm imn mm K^m r nnon hk 

= v 0 -cos(a 0 ) -t 
-\. 2 •vo-stn(ao) 


nnooiiwnon nmrn itotm 
_, :3apn 


npnm nno 


paw!? 25° n’W3 10 m/sec 3v n>n3njin nwnm p*i« *ma : n no*n 

tnpnmnnoino .k 
? nmn k>v inn .3 
?*n*t3n hk pm3 po i>3k >3»’toon n3nn mo .x 
?*imnUKpvw3po i>3k »!w>wonniionino .*t 


on ooinin 


5.15 nKUV»3 fi*SJ .K 


V :5.13 nKlWQ3 3’33 .3 

„ _ v 0 2 -sin 2 (ao) _ 10 2 -Sin 2 (25°) _ n 01 
H -,. g 2-9.8 - 091 m 

»aP3 nn>\y> o’pmr -wk 3 Kin nvaKn >3o’toon n3wn "a 
a 0 - 90° wm mum ,n3yo 

jj _ v 0 2 -sin 2 (a 0 ) _ 10 2 -sin 2 (90°) _ , . 

Umax-- 2-g " 2-9.8 -3-im 

.45° K>n npnm milt 3«/K3 Kin >3n>t?3on niiun ,*t 
R 3w m3nn *5.15 nKiwo3 ruPDnon n» 3y hkt man • # 4 
TW 1 jik 33po nt >io’3 .sin(2-ao) -i Kin npnm mm3 
:90° 3 mw nPia rnmnno >!?D>Mon 
sin(2-«o)mai = sin (90°) > 2 • ao = 90° =* oto = 45° 

:Kin >3o>o3nn nnon 1|g|j 

n _ v 0 2 -sin(2-a 0 ) _ 10 2 -sin(2-45°) _ in „ _ 

^max “* " ■ ' . g g ■■■ ““ LV.Z 
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*ivs»oa nyuji - 5 paa 


Ji’iini ,25 m/sec bw n’nbwin nnnpa oyia l!>nm : r a nnm 

bw >paixn p>aa ,1300 40 m bv pnaoa .nay>an>a 30° bv 
mw nyuaa >|nb bpan m pnv ,>w pm> aoiy amn nyun 

aiaan no>ya yaaa irsixa 
IS anauna inyna yjna anab yuny >aa irmxn m>nb nans no 


m 


Vo = 25 — ; <*0 = 30° 


wKssmm 


,:w 

:W ' l;2 




:anan bv nyunn pr jin ba o*np avw 


_ 2-Vo-sinCao) _ 2-25-sin(30°) _ „ cc 
l R g" g g " “ z. jj sec 


;Kin no>yin tsw 


n _ v 0 2 -sin(2-« 0 ) _ 25 2 -sin(2-30°) _« „ 

K- g - - 9 g -55.2Jm 

pi *mo?i mw pa «nanb niwn pmo •pab pay >j«wi pnwv 
’nbnnnn pnaonw pi>ao .o’pnwn >3v pa ’nbnnnn pmon 
:mMifio>w pi>aa >jvn prwn p ,no>yan nuoo pp on>3>a 
x = 55.23 - 40 = 15.23 m 

:K»n (x o =0) nmxn mw nyura paynn nxiwn 

x f| v 0 *t + i-a-t 2 


* 

111 


a = V0 (v o =0) 


2*15.23 , , 0 m 

2L — r c rO 4.68 o 

2.5S 2 sec 2 




ji’paw fm .45° bv> annai 4 m/sec W mamm fpaw px : ’» own 
.pan by 1 m/sec 2 bw nyiap rmxn nPyoo 
aypapb pxn airna pt noa *pr> x 
?np>arn rmo inia .a 


:x>n o>a>aano ana baa ,pxn biy nmbnann import :pana 


Vox = Vo*cos(a) = 4*cos(45°) = 2.828 


m 

sec 



111 = Vo*sin(a) = 4-sin (45°) = 2.828 — 

sec 

by bba ny»a\yo m>x x>n paix pnaa abyia nffri pi’an .k 
piu ,»nbnann nanb rmnb ay nyurtn pt .Y a>ya nyunn 

:5.14 nxiwna pb 

= 2-Vov = 2<2 - 828 = 0.577 sec 


■ » %m- 


t R 


g 


9.8 
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aH»oi nyua - 5 pis 


* . 

,nPn ,nyiap nwnoa m>K aaa nyunn ,x am pvaa 
.nyiap nsmoa nyun «>n ,man nyawna 

x = Vox * t + 2 #a t2 

x = 2.828-0.577 + ^-1-0.577 2 = 1.8 m 




ytmn p3oo 25° Pw n'lini 40 m/sec Pv> yiP jm>noa mi) y>Pp : “t noxn 
pvaP nnv y>Ppn nyun Pw ’pawn pvan .5 m/sec nrpnoa 

.pjon nyun 

?ypapp y>ppn mm pt n»a *pji ,n 
?>a>n rmo ino .a 
?y>Ppn PiPt>o Pv naun n>w ino .x 


>rm) n>a>aa m;P px>P on>a y>Ppn im>no ok Pa oaip paai :ima 

:(yiP niamo Pw myovon 


Vox = Vo- cos (or) = 40-cos (25°) - 36.2 5 


Ppv px Y a>sav *p ,X a>y pvaa K>n pjen jm>no 
:5.14 nNiivni piu nyunn pt imiwoa 

*. - 2 ' v ov - 2 '16.9 _ , , c K| 


ypapp n>on» p*>n Pw mnPwinn jppawn tmmbn im 
fiNiwo) a\y> ipa o>t>r»n nn>n»n rintm narya avm 
v 2 .x = V 2 - vj :3 paaa unmow (3.12 

:on onwun 

: (1) K>n piom (2) y>Ppn pa n>on>n nn’nojr 
v 2 ,i = 40 m/sec 

vj = 5 m/sec :K>n ypapp t?n>a pjon jua>n» 


mh ,ypapp t?n>a ,x ania y>Ppn Pw HMfSTViriftp viwno 
natnP ay ,ptn Pd y’Ppn yi n nynp im»noa .45 m/sec 
M = Vx*t = 45-3.45 sec = 155.25 m :>nPnnnn nauP 


ipp n .Y an»a nyuna pa uPn nyunn Pw nann n>w 
MK iwoa nuiu K>n ppi pion nyun PPxa ,diohd ,monwn 
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*m»»a nyun - 5 pia 


* warnin’ nrvtm 5.8 
nyunn dk 3.8 <pyoa irm'n ivxi 3 piaa iiii>n n>on>n nn>non aviq t\k 
nn>non avdo hk vviy i>nm ,iv> ip iniK yy o»yin o>aiA >jv pa n>on>n 
mix yy m>K o>aun ov yv nyunn ona onpn oa n PiPdP ni n’ornn 

.iivnan miKi Nt?N ,ipn 

.iron nav pi>ay maio noioin ivxi ,imn nyin ni>© yy yanto ,iimm 

..‘iron navy y>apa pi»ai N>n mn nontn 
jik nyyavon n>ma x>n ,imn navy on’i ,mn?n yv yyiaa moipnnn 

.iron nonr nyavni m>t?n ym nyavn 


nTon mmpnn \\vi 

iron n9iu imn iraur? uirn 



.mjn nmi niraiumi nliu mjtn mranm nm m’D : 5.20 it’s 

navy ©n>a iron nn>no ntn v A -a mm navy oma m>©n nn>no nn porn 

.v B -a imn 

>3v pa n>on>n nn>non na .yiNy on>a m>n>n» p nyxn nvnmon >nv 
va.b-3 ik v b ,a -a pm ,imi ni’o - nt nipoa ,o>ym o>ann 
.a <pAy ©n>a b <pA nn>no - v B , A .B <pAy on>a a <pA nn>no - v A , B 

:nm m>on>n ni>ii>n»n >nv pi ivpn 


(5.16) 

.5.20 nn* nitya nidi noivn ni>on>n nrnimon pi ivpn nx 
imn nyom v A>B imn navy on>a m>on nyon yv oiaon x>n v A mi’non 

.v B imn navy t»n»i 



VA - V B + Va, B 


:poo 



(5.17) 


A °|iA yv n>on>n nn>nnn nx mxnon nmopn nxiivo x>n it nxnvo 

.B <pAP on>a 

.3 piai uya>pv iv» ipi n>on> nn>n»y 3.12 nxnvoy nnt nxiivon 
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*m»»D njnift - 5 jna 



ftv nrimon tm ,rom ya owonv id Dv r>m own msn 

.360 km/hr 'jv nn»no Dy nN*tt> 
im»no >no .mtnD anyon lovm 90 km/hr Dv nmya rm 

?vpDpy on>a oionn 

v a . b =360 ^ A \ =? 

f /ity * B = 90 ^ :on °’ 31wn 


N J1»AH 


:xin mm’non i>a Diypn 

Va = V B + $A.B 

.mopii *rtD>n Kin Dia»nn 
>jy> i>d 90 ° Dv n>m \y>\y |vpdg 
:o*mn>a odwod \yomo .onwpiin 

u. = ./on2 + 3602 - -171 — 


xin no>on pin 


n iron >m n>t?n» 10 m/sec Dv im»no miaD dDid> yuo m>t? 
nnmni loom nnnv am Dv odk rma nxm> rnmn .nya K’n 
.n’lwn rmD nvw> )mo m’on oivnn -wnd ,5m/sec innnf 
?n’3vn rmD m’on ynn pt noa *jwi N 
?n’iwn rrrAD m>on vnn iron ddiidd doo dod .d 
?* imn navD onn rn’on nn>ma mo .a 


’SflttAvr 


nionin pnP iaikod m*on timpna vpadw jm>nan d>dd x :ima 
.lOm/sec Dw xim yuan Wad m 


ill io 


10sec 


:pD ,xm DDjn 'jv nnnn pt 


:*imn *ni»D n*m>n nanw lOsec pwa .d 
x = v-t = 5*10 = 50 m 

v B = 5 m/sec ; v A . B = 10 m/sec :OD O’lWttn .A 

V A = ? . ;ion Qt»y3n ■'"il 

v A = v B + v a .b :xin fii>w>rPn pa *wpn 

v A = Vv b 2 + v a ,b . : (90° 'TO n>W) 


v A HP* 10 2 = 11.2 


tg(0) = ^ = 0.5 


e = 26.5° 
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ait»»a nywn - 5 paa 



kuoi aP>n .2 m/sec im’noa iPv oata ama yaw aP> 
liiyun P>nna ,aP>n P10 pma ^mn Py naipia .‘iinn p 50 m 
.8 m/sec K>n *)inna maow m’on ma’na .nPsn nawa P>sa 
?aP>a vmajw 7a nPsnn m>t? jik 1113!? 'in* n>m u>Ka .k 
? ap>n Pk na»on yun pr naa 7111 .a 


x nmff 


on ooiwn 


(B) anin jna>nn 


(A) anin nawP t>n>a onn nawn riwnn 


(B) aroP t>n>a (A) na>t>n niamn 


n>mn jik ksoj 


5.22 *> t*s 


amP on>a na>on ma>na jw awro nyonn prim kisdP >aa 

va.b = v A -f B ill mgsmmmm 


n’m av» Wwn Kin Wwtim omia onm 5.22 avyow p>ao 

:Papi 


50 m Pv pnaa aiayp nanm Py irnia>nna 


.o>a»aa u\y v> anin nawP t>n>a 8 m/sec Pw nawn nn>nnP 
ipa 7.75m/sec P\y >wm oarn im»na PP>a 2m/sec Pv anKn 
panto p’jiv ,aP>n P10 nP>nna nn>n na>t?m> pypa .yuon 
Pk na’on raapna yuan imyai ,ma>non nnma oat-n aaiaa 

111 *tP’n 


Kin aP>n aayp na>t>n Pv nyujin pr 


- 117 - 















































































































































































































































nvufi - 5 pna 


jyianoiys 

K303 m rvnpim on>sn iwmi yy *wpon *nopii nid ?(t) pnynn Tiopn 

:nid y-i x vn>D*ii nopun yy *i\ypn .t pm ^un 
x = r’cos(a) y = r*sin(a) 

:kid im’Di >mioi ,uivdi r niopnn P*m 

r = v 'x 2 + y 2 tg(a) = | 

p>vn U1V3 .t pm <inn nwno nx *mno v(t) n>yxnn tinmen *iiopu 

.<iun Pv nyiinn PiPooP 

vx = v-cos(0) vy = v-sin(0) :on mopim n’0*i 


:kw imnn mnoi wra 7 nopiin p*m 


V = Vvx+vy tg(0) = ^ 

.t yx*i Pm nnmon >u>v im *ikho 2(t) n>:mnn nsiNtin niopn 
a x = a-cos(0) a Y = a-sin(0) :on mopim mm 

:Kin mm muon mini 3 nopim P*m 


= Va x 2 + a Y 2 tg(0) = ~ 

a x 


x = v 0 -t 

y = ^-g-t 2 


v x = v 0 
vy = gt 


y = 


gvx± 
2-v 0 2 


:fl>p<m* npnt 


x = vo*cos(ao)*t 


v x = v 0 -cos(ao) :j>voivo npnt 


y = v 0 -sin(a 0 )-t - i-g-t 2 v Y = v 0 -sin(a 0 ) - g-t :nPyo ’sPn 


y = Vo-sin(ao)*t + 4-g-t 2 vy = v 0 *sin(a 0 ) + g‘t :noo >3Pn 


* Y 2 


y = x-tg(ao) ± -— 2 ^ 


t H = 


2-v 0 2 -cos 2 (ao) 
_ vo-sin(a 0 ) . 


nPyo(-)/noo(+) PiPoon dniiwo 


g 


rcmn k>wP pm H = v ° ‘^ n2 ^*°) :naun k>v 


. _ 2-v 0 -sin(a 0 ) 

lR — - 

g 

R _ vo 2 -sin(2»« 0 ) 


•g 

:’nPnnn nnnP mrnP tv pm 
:npnm niio 


Va.B = -v B ,A 


:iw>n3 n»on> jinmo 
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iw>»a nvun - 5 pia 


7i\y>oa nyufla 0”yinn naiNiini nn»non - now 

>u’v va on>D miAio t 2 -i tj coot m )>a ^ia yo nysioQn mi’non 

:>m>n 7iK\y ptm pnynn 

_ _ A? _ ?(t 2 ) - ?(t t ) (5.1) 

At t 2 — ti 


oiwq .iiopii iosya Kin pai oniopii ov )>a wian Kin A? pnynn >u>v 
.Ar b\y )ivan Kin uivav iiopii K>n nysioon nwnon oa ,73 
Y 

I t=2 


A /m ) 


5.23 irs 

73 ,im> )op Kin r(t) 1101 pa nnipjn >no )>a At o>imn vnano 7 aa 
n>A>A>in mi’non 7 y> 71AP aipnni im> )op yop ay Kin nn>non yaioo 
ti’VAin nwnaa nnw aw>nn ,o3K7 <)kio oQotn oian iwki pi .t )ora 

:)otn >a7 pnynn mmn oaya K>nw 

(5.2) 


:a mi a iq t 2 -i ti oQor >w )>a «iia a v nyaioon naiKnn 

(5.3) 


naiKna naipno nyamon naiKnn 7a ,mi> pp At o>jotn vnano Taa 

:n>A)A>in 

:Kin ,)Qtn >aa nn>non mm K’no ,n>vAnn naiKna >io»an 

(5.4) 
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2W>02 nvuo - 5 p29 




nv\32iN’n Jl^NW 

,2w>o2 7121302 oinoivt 3 oo/io .1 
?on>sn ownoo 220 >n 2 2>>ti <111 2 o p 027 in 2iopu onti .2 
?o> 2 >uti ownoo 2203 <111 2 o on> 7 ion 2iopn onti .3 

:<lii 2 o 2 i 2 oon 0213 >no .4 
.vnp i 2 o pnvnn 2 iopii poo .n 
. 2 i 2 p po 27 in 2 iopii 22110 .2 

.vi 2 p i 2 o onoon 2 iopii poo .1 
. 7 i 2 i 2 p onon >3110 mo ion> 7 ioo .2 
71221 ooti van 11102 ion> 7 ioi 7 i 2 i 2 p 2 tin 20 11102 ioi 2 >noo .71 

.71212p 7131N02 

Ip 022712 N>71 102130 ONTI ,111021 22112 71212p <p 20 1021N0 OK .5 

.oinoivt mi/in ?2o> 

?0>p91N 71p>2T2 p2T37l <p 20 2120071 021H >710 .6 

022 029100 TlpOTO p2071 <p 20 121200 *pW2 0121p3 O’ ONTI .7 

709 N 2 71110 0 ’ 2297 l 1012 > 71 )D 0712 ,71220 
022 029 VUG 7 lp’ 2 t 2 p 2 T 37 l <)11 20 I 2 l 2 t >0 *T 21 K 2 0 VT 1 p 3 0 > 0 N 71 .8 

709N2 71110 1021N0 0712 , 71220 

>922 029100 TlpOTO p2T371 <p 20 l2l2t>0 *p1N2 0121p3 0> ONTI .9 
?7l2 0231NO IN 10U1N02 7l2>9pO 0>22271 1012>710 0712 ,71220 
ON ,029WO np’219 p2V371 <p 20 2l2007l 0212 ,>012>N 191N2 ,>710 .10 

?2>11N71 029071 ON 0’71’3TO N2 

> 2 o>too fiiio 2 o>mn onti ,r» 7 im tu>n 2 >hnti 01213071 022071 on .11 

?45° 1»22 N’71 

12 220 2’1> ON71 ,2’11N2 01213071 1>N1 ,0>p91N <111 0>p21T ON .12 

?noo 022 oi 2 w> n>no ion>no 

1012>71O 12 220 2>1> ON71 ,2>11N2 01213071 0>1 ,0>p91N <111 0>p21V ON .13 

77100 >922 012W> 71>710 

N171 <121711 712>02) 0>N271 0021710 271N 22 ,>012>N 191N2 ,71N23 220 .14 

:(1219W 1710 >3>’2/p2 ,20> Ip 
012’7lO 20 71>2p3192 ,0>p91N Tlp’272 2212 <)110 >p91N71 pf12071 .N 

,71p>21-7l 

• Tlp’21-71 012>71D 20 7l>Up3192 ,029100 71p’2T2 71p>2t71 71110 .2 

Op'272 ,71p>2T71 012>710 20 71>2p3192 ,7121171 NW2 22 71213071 pt .1 

.71212p 0>11T2 029WO 

,71p>2T71 012’7lO 212>2 20 Tl>2p3192 ,7121171 NW2 22 71213071 pT .2 

.71212p 0’11t2 029WO np’272 

.71p>2T71 0>m Sin 20 7l>2p3192 ,029100 7lp>2T2 7121171 NW .71 
.7lp>2t7l 0>11T Sin 212>2 20 71>2p3192 ,023100 71p>2V2 7121171 NW .1 
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oiw»»o nyun - 5 p*ia 


m\y>oi nyun - jirawn mbN\y 

:o>Non omopimo onN to 'pv pnynn oiwpii t?w oivoi itou mo .1 



(3) 


-3 


( 2 ) 




( 1 ) 


5.24 IT'S 

?>oi>nn x-n om too 30 ° uivoi l itonw pnyn oiopn !?w i>o>oo ono 
mpaiNn imomow 71* t?w momon oiopn Ow 01101 iton mo 

?10 m/sec moiNn imomoi 5 m/sec 
.mam mow voono 70 'pv 101pm onido ora anpo nwOw 7oat? 

,lm Nm iiojni mp9iN nmw to 
omo momoo uiyon jin 3 >nno 71m 
.2 m/sec 'pv Y OOO momoi 1 m/sec 
’X f r 1 : 1 ; ; 1 1 x 


.2 

.3 



— 


“ 

— 


! 








-1 

Y 

- 

- 

-- 

- 

-4- 
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- 

- 

r 
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1 

- 
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► 

- 

* - - 
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1 
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— 

_ 

—r* 

1 

1 

- 

- 

- 


— 

-1 

— 

**~r ~i 
1 

1 










4 

I 

- 

H 



kt-a-s 




(3) 



r 

r- 

h" 



1 — 

H" 


_ i M 

L ; 







! 1 

▼ 
























































( 2 ) 


rm 

r— 


1—1 

4 





f j ! 
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- 
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! I 





( 1 ) 


5.25 TPS 


?ooo too 71 m 0w nyonn mm >no .n 
? now to onNO pnynn oiopn mo .0 
?now to oonO jmrnon oiopn mo .a 
?now to onNt? nuiNjin oiopn mo .*t 
>/np nyonn 'pv ooa oinoi owO .oiwmo nyon 'pv oniNm 5 7093 .5 

.onmn jvwnoo nmton jiOnowo noipm jin 0001 iiown *10 71 
nip .own Y 111 a nid noo 1110 m own x-n om Nin nno? iiion 
.5 sec rooiN nyon to ,lm nnw nmw tow Nin nomn 
.myonno JinN too 70m oip>o jin 0093 71 to >/ooow .n 
. noipi too nuiNrin oiopn uni momon oiopn jin >/own .0 
oiNn noooi 4 m/sec >p9iNn nooow nyiop momo .1 

.5 m/sec 

.Y-n om 11100 37° nmoi 5 m/sec ntonw nyiop momo .II 
Ow nyiop noiNin X om 4 m/sec Ow nyop momo .III 
.09N N>n Y om mntmnnn imomo .Y om 2 m/sec 2 
Ow nyop noiNin X om 4 m/sec 'pv nyop momo .IV 
.1 m/sec N>n Y om mntmnnn imomo .Y om 2 m/sec 2 
Ow nyop noiNin X om 1 m/sec 2 Ow nyop nsiNio .V 
N>n Y omi X om mntmnnn imomo .Y om 2 m/sec 2 

.09N 
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HV»»a nyun-5 paa 


iivawo npnn ivpaw npnt - smiwn mt>N\y 

’h no 4 ) 

.10 m/sec Pv'n’poiK pan m3 .6 
?nmPnnnn iniamo Pv ’pawn a>aan mo .n 
? nmPnnnn iniamo Pv mnn a>aan mo .a 
.10 m/sec Pv nnmoa paiNP 40° Pv nnna npao pK .7 

?n>nPnnnn nniamo Pv >p9iNn anan ino h 
?nmPnnnn nniamo Pv mnn a>aan mo .a 
.25 m/sec nnmoa iso m mauv Pno v*no n’pain npan p« .8 

npnrn mipiP on>a noip>o Pv y-i x >a>aa Pv nPao may/-pay n 
anKP nuivnan muvn vono nnn Pa an«Pi nyunn nPmna 

.npnrn 

.PiAon n>ypap pyo naun - h n« nPaoP >9>om/<pm .a 
Pa annPi nyunn nPmna ,x Pv n>ap3i9a h naun im <pia ooav .x 

.nyunn Pv nuivnan mown vono nnn 
.25 m/sec nnmon 150 m mauv P-no vnao n>p9iK npao pN .9 
,v y n’aiNn nnmon ,v x impawn nnmon nai nPao >aay/*rny .h 
P a anKPi nyunn nPmna ,a nyunn nnin v nPipvn unman 

.nyunn Pv nuivnan muvn vono nnn 
,nPauP d’o’Nnon o>ym natyn nmamono nnn Pa >/ooav .a 

.pKn PiPvo tiikP nio’^non jmipaa 
.(8 nPxvn omiTO <pja >aryn/arym) 

.20 m/sec nnmon ,p9iKP Pyo 30° n>mn npan pK .10 
,npnwi naipjp on>a noip’o Pv y-i x >n>aa Pv nPao nay/fiay .n 
anKP nuivxan mown vono imx Pa anxPi nyunn nPmna 

.npni-n 

,’H ‘I’yoa nPaon narya pnn oip>o t\h <p>a yooav .a 

.20 m/sec nnmoa ,paiKP Pyo 30° nuna pan ana .11 
,v Y nuuNn niamon ,v x n>p9iNn nnmon nai nPao >aay/*pay .k 
P a annPi nyunn nPmna ,a nyunn nnm v nPipvn nnmon 

.nyunn Pv nuivnan muvn vono nnn 
,nPauP Q’O’Knon o>n>n nnvya nmamono nnn Pa yooav .a 

.anan P 1 P 00 *piNP mo’Nnon nmpn 
.(10 nPNva ooaivv ^aia ni-yn/arym) 
nnmoa ,200 m mauv Paioo ,peiKP nnno 40° nnna npan pK .12 

.15 m/sec 

naipiP on>a pxn oip’o Pv y-iat >ana Pv nPao >any/*pny ,n 
nuivKan nvivn vono nnx Pa anxPi nyunn nPmna npnrn 

.npntn anxP 

.Paxon n>ypap Pyo naun - h nn nPaoP >9>om/‘ivm .a 
annPi nyunn nP>nna ,x Pv nnpusa h naun nN <iaxa Vooav .x 
.nyunn Pv nuivxan muvn vono nn« Pa 



7iv>»3 nyijn - 5 pna 


nn>nm ,200 m maiAw 37 aoo ,p9iN3 nnno 40° n>W3 np -111 pN .13 

.15 m/sec 

,v Y n>3iNn niimon ,v x n>p9iNn nnmon mi n3no mny/^ny n 
33 nnN3i nyiinn n3mn3 ,a nyiinn nmn v n3ipwn nnmon 

.nyunn 3\y nuiwiii mown v/ono nnN 
,n37tt3 d>o>Nnon o>y>n nnya nimmono Jinx 33 >/oo*iv .3 

.nun 3i3t?o *pin3 nio>Nnon nrnpii 
.(12 n3Nvn omwv/ <pA3 myn/mym) 

?ypnp3 yA9>n pi mod *rin .50 m 3\y n3no n>p9iN npnn pK .14 
npmn irnpi nnno *100 mod .10 m/sec nnmon n’paiN npnn pN .15 
?10 m Nin moo >p9iNn npnno i»K3 pNn nsomi 
nvN3 npmn nnipi nnno 4 m rmpi nmiy N>n ,n>p9iN npnn pN .16 
?pNn npm nnrno mo .10 m Nin moo >p9iNn npmo 
.5 m/sec 3w n>n3nnn nnmoni ,p9iNn 3yo 30° nmi3 oym 7173 .17 

?n3un N’\y3 y>A> pi no3 *jm n 
?ypnp3 mm y>A> pi no3 *pn .3 
?nyunn 'yv mnn hw mo .a 
7no>y3n nno mo .7 

.20 km Nin 25° n>ni3 mim nmn iA9 3y> npmn nno .18 
?nninn 3v yi3n nnmo mo .n 
? mn 3\y mnn n>w mo .3 
?nni nnon nm> natm n>m n>N3 .a 
.30 m Nin pN 3v >3o>toon npmn nno .19 
?npmn immo mo .n 
? npmn 'yv n3nn N>\y mo .3 

nnmoni ,paiNn 3yo 30° mm3 n3yo >933 nyaiwo npmn mu y>3p 2Q 

.250 m/sec 'yv n>n3nnn 
?200 m y>3pn 'yv »paiNn ipnyn n>n> pi noa nnN3 .n 
? n3yo >933 25 m/sec n>3ANn innmo nmn pi no3 nnN3 .3 
?noo >933 25 m/sec n>3iNn innmo nmn pi no3 nnN 3 .a 
> nw) >*i>n ntipi 3yo 50 m > 3 iNn ipnyn nm> pi no3 nnN3 .7 

?(ni3i\yn 

?>*i>n nnipi nnno 50 m >3iNn ipnyn nm> pi nos nnN3 .n 

.5 m/sec niim03 p91N3 3yo 20° 3v n>1113 P ‘111 *1173 .21 

?3 m >p9iNn ipnyn nvmn nnnn 'yv >3iNn ipnyn mo .n 
nnno 10 m N30>\y3 7i73n nm> npmn nnipio n>p 9 iN noo no3 .3 

?np>nm nnipi 

n>n3nnn nnmo3i 30° n>ni3 noo >933 ny9wo npma npnn pN .22 

.25 m/sec 3w 

720 m pNn 'yv >paiNn npnyn nm> pi no3 nnN3 .n 
?noo >933 50 m/sec n>3JNn nninmo nmn pi no3 nnN3 .3 
?np>nin nnipi nnno 5 m >3iNn npnyn nm> pi nos nnN3 .a 
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noma nywn - 5 pio 


1o mnlnnn nnmoi 50 m imuo pi oxio mpaix pin mi 23. 

.30 m/sec 

7ypipi iron yia’ pr noi *rm x 
?iron 1o nyoan mipii pin mnnn in ’paixn pmon mo .i 
7ypipi iron 1o (pm lin) nyuan immo mo .x 
.20 m/sec 1o nnmoi paixl lyo 25° mini npm px .24 
?(Iivii lio) ypipi pxn lo nyuan mimo mo .x 
?(pm ytu) niun x’vn pxn nnmo mo .i 

’a noi 

ni mm in nno mnlnnn nnmoi ioyyl onM in’ olnx ox .25 
?pnn1 m^’ap oio’oioi ,nml imnap mo’oio in tmm mo ,iiap’ 

.20 m/sec lo n’paiX np’ltl npm pX .26 
?30 m/sec nlipon nmimo nmn npntn mipi nnno ioo noi .x 
?30° lilool p’oon min nmn npnrn nmpi nnno ioo noi .i 
.moo ly naua imo 180 km/hr nnmoi 3 km 1o mui oon oioo .27 
In ,nyyan nlon ymi niooni oioon in ’paixn pmon mo .x 

:o’xin onpono mx 
.oipoi moiy moon (I) 
livil inn inm 20 m/sec 1o nynp nnmoi nyj moon (II) 

.oioon nyon 

pi’ll nm iii’ii 20 m/sec 1o nynp niirnoi nyj moon (III) 

.oioon nyon 

nisan nyoa yvn mooni oioon in ’paixn pmon mo .n 
oioono nnmi /x <i’yoi onxmon onpono mx In ,mooi 

?nnmon nmxi yol *i’oon 

nxioin moo ny lx 400 m/sec 1o yil nnmoi na m» nmn .28 
nx iiiil ioax ni’in il’xi .i>1x onn 400 m niun ooo 15 km 

?nninn 

my oioono ym .2 km 1o mui 360 km/hr nnmoi oo oioo .29 

.na myl mu o’oioo *tjo nmn lyo 
?oiooi y>a’o na mi’1 po ni n’lou’on mimon mo .x 

?m mpoi nm mm mo .i 

nnipi mo in mxn pnynn ’O’v ,’paix pm nmo mu ini .30 
,’im mipio 400 m nooni nm mipio 200 m nnxn .ililoo *pix1 

?ninn 1o yiln mimo mo .4 m xm 

,20 m miuo 'p lo imoy nypi pmi miooi <i1w <ilu ini .31 
nxsoin mipii iioil nnu iron .noinn nupio 40 m xsoin 
?<l1un iro lo (pm liu) nmlnnnn innmo mo .^yn p ioo m 
iiyl nmn nx imo oix .250 m/sec xm nm 1o yiln mimo f."Xl 
nip nx inn viy moon lyo mu nnxl .noo 200 m nxioin moo 

?mooi y>a’o ni nmn 
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mo»os nyun - 5 pna 


1.4 m isniNo pbio nsps 4 m/sec bo n’nbnnn nrimo bspo <pt .33 
yAi9i n 9 s>nb f)nn b9« pbion bo oon n^ps .1 m n9U’nn byo insni 

.pbion n<ioo H pmoa ns 



"*-„-*"*- 1.4 m -*• 

M 

5.26 "IT’S 

:pbn pbiono nnins .k 
? pbion >sa by n>9ion ninmon >no (I) 

?H pnnon mo (II) 

*ryi pbion by nynnn nbrnno nyunn nsnn pt nos (hi) 

byiNS nyoan 

bo n>ypji93 ,<iwn bo n>poiNn ninmon bo <pA yoono (IV) 

.yi^n ny>A9n nyi nyunn nbrnno pin 
bo n>2pii93 pun bo n>siNn ninmon bo <p> yoono (v) 

ny’AQn *tyi nyunn nbrnno pirn 

nm pbioni ^un vs on (i)-(v) -b nawnn nunoo im sms .3 

?l m/sec 2 bo nownb onnn Tis>n 

.5 m bo pnnoo bob ww pmn bonus u>s p>tno bonus pno .34 
.55° Nm npntn n>un pnon u» byo 0.75 m kid bon nsiA 

?bob npnrn ninmo mo .n 
?( n>nn b*m) bob noosn ninmo mo .s 

.sinnb b9Ui o’9yn aa byo p>bno <)yn .35 
,3 m sinnn p AAn nmnn nsu ,40° AAn yi9>o 
.AAn nmnno 2 m npninnn yAns ^ynn nsui 
:5 m/sec 2 K>n <iynb nonAm nmNnno nnms 
?smns <)ynn yA9> pt nos Tin .n 
? sinns ^ynn yA9» ninmo iuns .s 
nnpi )>s >p9iKn pnnon mo .a 
? ypnps ny>A9n nmpn AAn ns>ty 

5.27 mm 



ninmos po pnti 5 m/sec bo nyisp nnmos nbiyn nnia nuso .36 
yAns Kuoi nmsn nusn .nman nusb n>on> 2 m/sec bo n>p9iN 

.ypnpn p 300 m bon npnt 
?ypnps pon vaq’ pr nos Tin n 
? ypnps pon yA9> (jivsi b*riA) nmmo iuns .s 
?ypnps pon yA9> nman nusn p >p9iN pnno nuas .a 
. mmno yAno pon bo n’SANn inm>no bo <pA >/oono .*r 
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*>w»oo nyuft - 5 pm 


mv ipnwP 20° imivo 10 m/sec nn’nm *tm “Win *nno yptw .37 
nyiNn rm\y nyono yol? bmno own pnvn .moo no pmoo nyom 
.pivj moo nonP nnv noun onon jin oqmm man npnv yam 
:Nin mPnnnn pmon on ,pm nv>N3i ,Mvm ipnvm 'jv mywn mo 

? 10 m (II) 4 m (I) 

nm^nnn nnmo >*r> ^y ,80 m bw mio P? o’poyoi <iPa onoo omoin .38 
jvnpjo 75 m nnyom m Pyo moyp onon nny> ono .30 m/sec Pv 

?6 m nnom noonn 

nnmoo nowni v nnmoo nnNn omon >nv n>p9iN ip*m pio aao .39 

.2v 

?yp*ipt> inym mov ©n> mo .n 
?p^vy omitm o”paiNn o>pnynn on> mo .o 
t^ono yfiw ny>A<m w*w tmio ©n> mo .x 
n nonvn nnmow om niynP nom 10 m/sec nnnmov m>9t? .40 

.200 m *mm onn .5 m/sec 
:*mm *?v nonvn pvoP -piNOo noicnn njoo mmn on .n 
?*mm jin mmn nynn pv noo *pn (I) 
y»Aii no ,nN>ym jvnpjt> nmn> ,oovn *nioo pmon mo (II) 

?*mm 'jv >jvn n>y^ mmn 

nn>Y/> jiNyojn mipiP yunv *yo noionn jin mao m>tm on .o 

:nN>ym nmpi Pio 
?*mm nN n*mm nynn pv noo *pn (i) 

?m»tm 0 v JMOtpnnn pvov oitnnn pin po nmvn mo (II) 

Nyioi 270 km/hr 0© nnmoo p9y pmo o>myv ^voo ©o oioo .41 
.payno nmivo 40 km nNyom nupj^ Oyo ioyy 
mvo!7 ooyoo xm nnn pvo on .n 
?v0y nOya© nnn nnmo mo (I) 

?oioon oopnn nuay oooiPp noo (II) 
urn pmo no nnn nnmo on ’n <py©0 nnwnn Mn©> oyn .o 

?mvo pay pmO o*iyo 

90 km/hr *tv nnmoo nn .nmvo nn>©> © 10 O pjiyo oioo o»o .42 
.360 km/hr ko viinO ©nn ©loon nnmo .nmy no©M 

?©i©0 ©»vm Oy pm nv’NO .n 
? yp*ip0 n>©n> oioon nnmo mo .3 
nnn nnmo on n-i ’N on’y©0 mownn nun©o im *Tyn .x 

?inyno noiyo 30° nn>n 

nN nNn 90 km/hr nnmoo .^mo nv owavo monoo yoon o*tn .43 
Nm *iwn3 -iinP 30° t>w n>Mvo mPQM >*t’yn pPnn !?y o\y>n ni9’o 
.noo n»DJN tm> ovaov n mono mono nN nyiy 
?nyono nonon owno ,nonoP nw omn nnmo mo .n 
? nnooo nonon iwno .nonoy n»on> ovin nnmo mo .o 
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aio’oa nynn - 5 paa 


mipio owmm ,nta nt o’aamo o’o’aa oo ay nw moiao mo .44 
noom ,nnan 80 km/hr mamoa mwn r'lwnn .namoo non 
o’isoa moiaon pa monm mamon mo .naayo 90 km/hr mamoa 

: o’Kan 

.mm p mpnaiifc trpiaon mo . k 
. nonn pvaa mva moiaon mo .a 
.nonn p npnano nwm nonn pvaa nyi namon noiaon .a 
?mo>nn yAaa nonn p mnao aa pnaoa ma’on o’ okh .7 
mamoa ana o’aAaAO 20 m/sec ao nyiap mamoa nym noiap ay .45 
ay Kuoin nona nnm’ anan marno mo .noiapa mom 5 m/sec 

: o’Kan o’apono anK aaa ,ypapn 
.nonpn nynn pvaa pan anan .k 
. noiapn nynn pi»aa *p 9 n pvaa pan anan .a 
.noiapn nynn pvaa -piKoa pan anan .a 
.noiapn nynn pvaa 30 °-a pan anan .a 
.ypapn p loo m nano 200 m/sec mamoa mpaw nan y>ap .46 
.now aa 10 m/sec-a mpawn imamo nK moo mpaw nia 
:y»apn ao nmannnn mamon pvaa Kin man pvao nmna .k 
? ypapa y’apn yA9’pi noa im (I) 
aypapa pony ay y>apn aiay’o ’pawn pnaon mo (II) 

?(pvai aan) ypapa nynan ma’no ’no (III) 
noiya ,ma oy nynnn aiaoo nK ’maw pwa yooao (iv) 

.nia Kaa aiaoon 

ma’non pvaa *jian man pva ok w <pyoa maionn uni/' a^’a .a 

?y’apn ao nmannnn 

fc'm mrnm ao rmaAfin jvpti 150 m/sec K’n pio ao yian ma’no .47 
.ypapn pai nmnn nup pa naun oaan dk non .20° 
rowan onpono anK aaa pion nmn ao ’am nno mo .k 

.nnooa pion (I) 

.ny’ton pvaa pino nmnnoa 18 km/hr mamoa yi pion (II) 

*Tian pvaa piao nmnnoa 18 km/hr mamoa yi pion (ill) 

.ny’om pvaa 

lima iiiKoa piao nmnnoa 18 km/hr mamoa yi pion (IV) 

.ny’ton 

?onpono anK aaa pion na ao ’ao’oaon naun mo .a 
nia my nayia ina’ai yiao .20 m nano moain na’aia aaio ana .48 

.2 m/sec 2 ao nywna ia noann mpaw 
?aiaan ao aiaoon nan mo .k 
anarj’aa anan yia» pi noa am .a 
myna naipn aiaan aiano naipi pa ’pawn pnaon mo .a 

?nauna 

?narvan my»Aa mamo mo .a 
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aiwma nyun - 5 paa 


'A non 

nm oaa 25° aw n>m 30 m/sec aw nmanrm mamoa pan ihd .49 
,ypapa -man yAia na npntn mipja t>n>a (x,y) nmpm mo .yixn 

:on nown oa ok 


.paixa ayo20° (III) ; pQTXa JlTOlO 20° (II); 0 ” 1 W>D (I) 



(III) (ID (I) 


5.28 TPS 


5.29 TPS 


immoa pH npan 90 km/hr aw immoa nyoun nnma noiaoo 
ny’Aa rmpji pxn npnt mipi pa >paixn pnaon mo .5 m/sec 

:o>xan onpono nnx aaa .'(ixa pxn 
.wnan *m noiyn onxa oma nayo nn>w> npan pxn ,x 
.noiaon »youa on>a nayo ma>w> npan pxn .a 
,n>naon >ytma on>a ,nayo >aaa -pxno 30° n>wa npan -pxn .a 

.noiaon nywi )n>aa 

5 m/sec nspn p 5 m/sec immoa aAaAno ana 

/ r~ mano aa arm .imnno oa* aw payn 

A .20 cm nnam 20 cm xm 

/] ?mwxaa y*a> mano n>xa .x 

2n nnwxan manoa nynan mama mo .a 

ZJ 5 29 ■ ,1 ’ s ?(p>aianu) 

plm pmoa nayna yxiai 1.2 m wniw paw oao a>aAno am 
xaa immon aw x-n a>aa axwi nasna anan nyoa pia .pawn 
.lanna yiap axwn oivaa *ranno immon aw Y-n a>aai pow 
nynan mipn nasna nnwxan ny’Aan mipi )>a pnaon mo .x 

?na nown 

?na^>aa ny’Aan imipa >nw )>a nyunn aw naun xw mo .a 
?nayna anan myoa >nw i>a oootn wnan mo .a 
nam n> nx any anan .woo 3 m xsom a>p aaya ana pan na» 
anan aw ny’Aan pta .10 m/sec aw nmanxm immon i 2 m naua 
.yiap axwi miamo aw Y-n a»aai iimmo aw X-n a’an pano n’pa 
:n»paix anan immo awxa xm n’pa ny’Aan ox .x 
?nnan aw npntn mm mo (I) 
?naa>aa anan yAa> pm (II) 

yAa> ,a>pa t?n»a pm ,paixn ayo 30° xm np’atn mm ox .a 

?nay»aa anan 

y>a> ,n>pa omn pm ,paixn ayo 80° xm npnvn mm ox .a 

anas’nn anan 
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aw>»a nynn - 5 paa 


man ay .1.2 m mam 30° m>mv yawo aw>o nayoa aAano ana .54 
man *jwoo yawon aw>on nspa .5 m/sec 2 aw nyiap noinn nayia 
.yawon aw>on nspo 3 m pnaoa ypapa yAiai laiyoa 



5.30 IVS 


?yawon aw>on n>nnna anatvnnmo mo 
aypapa nynan ayi yawon aw>on nmnno nyiinn pt mo .a 
?>paiKn aw>oa onn ,nynnn aw nann kw mo .a 
nmnno pm aw n>apiiaa n>paiKn nnmon <pA nK yovnv .a 

.ypapa nynan tyi yawon aw>on 

n>nnno pm aw mypAiaa nnAKn nnmon <pA nK >/ooav .n 


.ypapa ny>Aan ayi yawon aw>on 
ay aam l m nano aanwo ana 
nynan oy .40° m>mv yawo novo 
na>apon nnmon naKvn mwoa 
naaiKon nnmom ,nyiap mwoa 
ay naowi mn>a nK naam nvwoa 

.naan 


.K 


5.31 TPS 

aniwxan nynan naipn on>a ,ntwoa n>wn nynan nmpi mo .k 
?( p>ai aan) nowoa nynan niamo mo .a 
prw nnma ,nnvn inynaa ayi anan aianw yAao pm mo .a 

?nm nm nivninnn 

0i,0 2 nimwaK m>m >nv v> paowaon mwno ppn ,n>a> nno aaa 
not on> mo , 0 2 >0 1 o»pnow noi ok .mini nmannn niamoa 



?onpon nwa <pyon 
h nanai 0 in>mv aaioa p>ano ana 
Vnam .R pnaoa ypapa yAiai pnn 
anion nK anan aty na nnrnonw 

:K>n 

R / g 
V ° cos(0)v2*[h-R-tg(a)] 


.56 

.57 
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*nv>na rtinin - 5 p*ra 


fllbNWb JlllWfl 

5.831 ; 30.96° (3) 5 ; 323.13° (2) 6 ; 0° (1) .1 

S=X(0.87,0.5) .2 

/=11.18m/sec ; a=63.43° .3 

y w x *i>23 jm’no rmv (l) x A 
x im nsiKfi mw y im nn>no nm (2) 
y im renxn mwi x *>m nwno nnv (3) 
ro=r o (0,0) ; ri=ri(l,2) ; r 2 =r 2 (2,4) ; r 3 =r 3 (3,6) (1) .3 

ro=ro(0,0) ; r t =ri(2,2) ; r 2 =r 2 (6,4) ; r 3 =r 3 (12,6) (2) 

ro=r o (0,0) ; ri=ri(l,3) ; r 2 =r 2 (2,8) ; r 3 =r 3 (3,15) (3) 

v 0 =vo(l,2) ; Vi=Vi(l,2) ; v 2 =v 2 (l,2) ; v 3 =v 3 (l,2) (1) .X 

v 0 =v 0 (l,2) ; Vi=vi(3,2) ; v 2 =v 2 (5,2) ; v 3 =v 3 (7,2) (2) 

vo=v 0 (l,2) ; vi=vi(l,4) ; v 2 =v 2 (l,6) ; v 3 =v 3 (l,8) (3) 

a o =a o (0,0) ; ai=a t (0,0) ; a 2 =a 2 (0,0) ; a 3 =a 3 (0,0) (1) .1 

a o =a o (2,0) ; ai=ai(2,0) ; a 2 =a 2 (2,0) ; a 3 =a 3 (2,0) (2) 

a o =a o (0,2) ; ai=ai(0,2) ; a 2 =a 2 (0,2) ; a 3 =a 3 (0,2) (3) 

Vyo^O.a v X o- 10 m/sec .N .6 

Vyo = 6.43m/sec .3 v X o = 7.66m/sec .K .7 

t=3.19sec .14 

Ay=4.9 m .15 

v=l 1.07 sec .16 

R=2.2m .*T H=0.32m .X t=0.51sec .3 t=0.255sec .N .17 

a=65° .X H=2331.5m .3 Vo=506m/sec .X .18 
H=7.5m .3 Vo=17.15m/sec .x .19 
t=0.41 sec;25.1 sec .1 t = 15.31sec.X t=10.2sec .3 t=0.92sec.N .20 

t=25.9sec .n 

x=7.58m .3 y=-0.91 m .X .21 
t=0.35sec .X t=3.83m/sec .3 t=0.92sec .K .22 
v=43.36m/sec ; a = -46.2* .X x=95.8m .3 t=3.19sec .N .23 
v = 18.13m/sec .3 v=20m/sec ; a=-25° .K .24 

R/H=2 .25 

y=6.8m .3 y=25.5m .K .26 
Axi=Ax 2 =Ax 3 =0 .3 Xi=1237m ; x 2 =1732m ; x 3 =742m .X .27 

a=36.22° ; 55.3° .28 

v=221.82m/sec ; a=63.2° .29 

v=383.4 m/sec .30 
v=31. 56 m/sec ; a=39.8° .31 

h=3.14m .32 

t=0.8sec (III) H=1.81m (II) v=4m/sec (I) .X .33 
t=0.82sec (III) H=1.63m (II) v=3.63m/sec (I) .3 

v=6.6m/sec ; a=-48.44° .3 v=7.63m/sec .X .34 
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*>iv >»3 njnin - 5 p*ia 


x=2.13m .A v=9.48m/sec ; <*=-63.22° .3 t = 1.61 sec .N .35 

x=16.7m .A v=76.87m/sec ; or=-88.5° .3 t=8.35sec .H .36 

npntn 111>33 a=10.5 m/sec 2 (I) .37 

flpntfl 11V3b *t1A03 a=14.12 m/sec 2 (II) 

y=2.74m KP .38,. 
2:1 .X 2:1 .3 1:1 K .39 

<x=30° (II) t=23.1sec (I) .3 x=100m (II) t=20sec (I) .N .40 

x=540km (II) v=20 km/hr (I) .H .41 
x=580km (II) v=28.28km/hr (I) .3 
v=348.6km/hr .3 .fntono nom a= 14.48° .K .42 
v=306.47km/hr .(3) .rmono nom a=12.5° .(N) .A 

90km/hr .3 v=103.9km/hr .K .43 
3*iyo om-rmo 1133 120.4km/hr .h .44 
mto 1103-3*1^0 om 120.4km/hr .3 
3ivo om-mra 1103 120.4km/hr .a 

nP ,*r 

v=20.61m/sec : a=14° .A v=15m/sec .3 v=25m/sec .N .45 

v=24.46m/sec ; a=5.87° .1 
x=1005.55m (II) t=4.52sec (I) .K .46 
v=249.14m/sec ; a=10.23° (III) 
x=801.47m (II) t=4.52sec (I) .3 
v=161.03m/sec ; a=15.96° (III) 
R=1423.44 (III) R=1528.15m (II) R=1475.79m (I) .K .47 

R=1476.72 m (IV) 
onpon P33 H=134.29m .3 
x=4.08m .A t=2.02sec .3 *iw> Ip .N .48 
v=20.2m/sec ; a=78.5° .*f 

(15.44,5.62) (III) (125.26,-45.6) (II) (70.35,0) (I) .49 

Ax=24.3m .A Ax=25.5m .3 Ax=0 .K .50 

v = 11.54m/sec ; a=64.3° .3 26-<l DAYTOn .N .51 

t=0.99sec .A H=1.2m .3 x=2m .N .52 

x=3.77m (II) a=18° (I) .H .53 

x=0.813m .A x=8.5m .3 

H=1.46m .A t = 1.21m/sec .3 v=6.64 m/sec .H .54 

t=1.35sec .A v=9.19m/sec ; a=61.66° .3 (3.939,-3.305) .N .55 

tj/t2=tg(#i) .56 
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nywn >pini jump - 6 pna 


6 jna 

nyun y)t)) mtro 

N110 6.1 

.insiKii n> py <iia Pv> myim jik pkjiP po pun onppipn o>pnap u>kp 
Py> onyon niK’np poiyn npoaon pPn .ptn 'rv nnpuaa ipnym unnmo 

,np>o>o3>p ,*iian ,*npJ tpaiA 
yno :<pAn Pv nyimn ma!> r»p>on *hk>jip poiy npoaon P\y inn pPn 
; ipp yj <iun yno , nynp immop nyim ik nyipp nmKin nyunp yi <)nn 
pna P\y Kvim Kim np>»i>p Kppj npoaon p\o nr pPn ,’ipi PAyop ik py» 

.m 

man 6.2 

.man ypip ,inyim Pv nnnn ok o»n ,<iia Py; ippo jik 
o»ono umKvn nip o’P’yao oniK .nia mo oi> ovn >mo ay;io uPipP v> 
,*iooon Py mp P>yao \y’oan .pippp o>oyip utomyo ik nappn ya ppvo 

.nPAy *ty/ig Kimyp nip P»yao oitn 
Kin onnK onn onpoP *nyi nPK onpoP nipn jiPiya nim <piv;on 
Pyia nnv m>n>n nmsn m>K it Ppk .o»aun in yAo n> Py Pyia nipnv 

.nip 

inopPKn Py nip P>yao oiokp vypAn ,nnm Py np’vo nip nP>yao ^PKn 
nPK Pp - vPk Jipvoin np’t? Py nip P>yao tmani ,nnt? ppinoon 

.oniAn in yAo i>k pp ihkoavt 

,ni3wn nvnpn >nw jik proo ,nip mo >PPp yaiKp phaay; oaP ,Pp opip tK 

.nip JiPiya Pv ,Pip>pp 

.nooop yAii \y>oan iP>ki ,Pm pnno v> pKm wown inv nniKpP nKP3 
ok .pooon oy >\yoo yAOp kp kP oya <ik vmian ,ppp Py; ijvokP ,Ppk 
P y aiponp'op o>Ppjit>o iP’kp) ’aiponp’o piKp nmp no ommo 
mPipPioP pko nipnpno w>oan Pv mPipPionw jupoP o’kip tK ,(onpm 
pp niyAii p>K p iPv mPipPion *m>tn n’yjn nynan jirom pooon 
n> Py o>o*iA3 ypop ninian Pp osypv *p .pmoo p> Py nimn kPk ,yioo 

.nto nt mvPp pmop o’Kuom o>an Pw nPiya 
pnnon iP>kp nK*o nt ,oiKn op oPvi py ,pp *p Pp Kin pnnon o»oyaP 
Pppn i>k np>onn m>npo Ppk ,ony pnnonv up nKH o’oyaPi ,oaK Kin 

.onpon pp »nmo 

.nt Py nt o»aiA >w o»pavo ppv nmsn Pp hk pkjio man pPPa piKP 

:ii>PPp pko n*mn K>n man P\y imPAn pPi 


o»aiA »jv i»p i>Poun niPiya PaP >PPp ov - nip 




nynn >pim wma - 6 psa 


:d»o>os mma nyssx o> ysos 
on niDDo somn moss nSnn ,d>aiA do Ss i>s ns’oo ms - nsnsn ms 

.d>sssiD 

,d>sido omiox i>si ,oioxn Tins mnsi ns>oo ms - >ojadi >Soon ms 
.monm dnismosi d>aiAn So >Soonn ^yoon moss >iSnn 
.sxd dnsp omiios dioxn i>ysA3 Syian ms -prn >j>ysA ms 
.dioxn pysAi Syian ms - oSn >j>vsa ms 

mms on .nposos dns o>poiy umxo mmsn sis ,nsnsn msS osa 
,SodS ids .mSipSiD So oisy saoo o’S’SDn ,o>Sisa o>an i>s o’Syian 
TiA Sy Syian T^’ri ms ix ,is oyis xmos sns Sy sS> S’yaoo msn 
d’Dioxn i>s o»SDon ninis sipos oSis dn nSx .nasnn Sy p>Snon 
.onSo nSSisn nyaonS ps xSx osipDS on»m xS nmx Six ,onion 
ss saoo So *ioix xSi snx ms xm ,svrs Sy sS> S’yaoo msn ,ummsD 
.pnsDD nSiyas xSi snsm sSm in Vad n> Sy noyi msm ,mms So 
,TWdS Sis> snx dsx .*in Sy sms SiyaS o>Sis> nSxs yAD mms saws dA 
inns T^rin mix nx twdS Sis> snx dsxi ,snx pins moss ^an ,SodS 
ssnS T’x nysS T’sn mms saon o> is sudS on»m t’n nysS ns .Tiann 

.onyaon nx 

jiimDD bip\y 6.3 

onion mmsn So mSSs nyaonn siomo nn siopn xm mso pi»sn 
:mmsn Sipo xm siomn nxmn .niopn siom xm <iia Sy o>byian 

.* 1 i a Sy o>Syian mmsn Ss So niopnn oison - mmsn Sipo 

siopn into imsDi , (mSAixs Force nSmn So siu*p) f mxs pion ms 

.f :nxr s>stnS ns i>Syo iop ^n *ionn> 
nniirn mxn soxs ,sf -s idiod ,mmsn ss So dison ,mmsn Sipo 

.diso nS>oS siu>p xm (E) nDA>o 
rdiosi mmsn Ss So dison xm mmsn Sipoo iii>sd 

E? = ?! + + ^3 + • • • 

xsx ,d>siopnn So >n>oxn pinn mD nxs>o mSs f nxtn nsmsn nsm i>x 
lots oniopnnn snx Ss So in>sn nx iisons nnps Tnso nsnvx ps 

.sis>nn 

:2 psas nsnSo dniopn sis>n So >SSsn T’bnnn xm mmsn sism T>Snn 
.Y sn Syi x sn Sy i>s>ssS dniopnn id snx Ss d>psaD ’x sSos 
.snn imxs onnsn Ss nx d>ssnD n sSos 
.Sipon msn nx osiAn»a oaoo nstys o>xmD ’a sSos 
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nyiiJi >pim mnia - 6 pan 


umNw iivao .mma aawo aw mnian aipwa mows nmmn *1300 N>ai 
jm>ma niNOAian jin own} man aaoj Jimm ia>Na d>yai> Na 

.aia>nn jiwnona Jivmanw 




E?=5+(-5)=0 


o»tw jiiman ow miwNan noAiaa 
d’aoao dnw *ja djivaa d’aiam oaana 

.nr jin nr 




S?=3+(-l)=2 


ay o>N2J03 mnian ow nown noAna 
Nin niopnn ma>nnw *ya ,a>yn ijun 
mnian jin paoa *piy vn) a>Aa mo>n 

.(d>a>aaa 



mai x am ay anN nia mw>awn noAiaa 
wojiwna pa *r>ayw *p ,Y anj ay ow 
Niyoai niopnn aiamn aw >w>awn aawa 
.aipwn man jin tniAJi>9 oswo narya 


3 


0 

0 

0 

r oo 

1 

■ 

4 


m 

60 ° 

1 a 



4' £?=2-4-cos(60°)=4 


ow jin pa9a *j>a^ my»aan noAna 
a>ya a>a>aan .d>a>aaa 4 oaaiAw jiiman 
TP djivaa n>ai9ni daana d>iiw Y-n 
ow dA 10 a ,nr jin nr o>aoao dnw 
.X-n a>a ay d>Nyoin 3 daiiAw mnian 
aw jiiman ow av x-n >a>aa pa d>aNwi 
.arna anann amNw 4 



■V 


E?=5+3=8 


□’aiuiin aiijuft miraan :6.1 avs 


d>ayiQ mnian ow mw>onn noAiaa 
.hquiwo naipio Na aaN pvan uiiNa 
f|tma diaAa a>aia> naNa mrna >a\y 
nwu ,iaia’t?a dA m>o> <pAn Jinna 
,aa<m amo>w nwu Nin <^ia aw aia>t>n 
aipw aiw>n -piaaw aoNi pa nr aawai 
d»ayi9n mma >iw ,^iAn aw mnian 
.ip iiiiN ay iayQ ia>Na d>awm a>ap»a 


ima'wn iaai .<11 An aw nyojin nan nmn no yaipn *rayn Nin mnian aipw 

. °|1A aw iaao niN’jia nanan 
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nynn >pini nmia - 6 pns 


iwn l?\y pyN-m pinn 6.4 

man i>ab «>a yAO i>n on nNoi Nin ia ason ?<jn bo >yaon ason into 

?o>nnN 

?bAyoa ib>3 N Pin in ?no> ipa yio Pin in bnnnoa pno> Nin dnd 
oa m) nnioa nbiyn nooNnn mwnn .bba noioa m’N it nbNob naionn 
o»abN oab myion naonnn nb>nna ooivn ooytob mono naionn nmn 
,iniN ma on oa <pA ba nn .nnuo Nin bo >yaon aaono N>n (row 
.ia pnoo ,nnoo bo asob ion in nt aboa y>A> ,win pno in ,ia oyaa 
bo )ioNnn pinn noapn napoon an p>onb no >m»N )ina nonb n>n *jn^ 
NbN nnian ia>N <)iA bo >yaon asono mown ,(pioa )ioio oo by) iiooa 

>nyiap nronoa nyian 

naoo b>yaa on in ,onoba rnnia oby b»yaa Nb on ia»n ,<)iAb ynaa Nb on 
mnian bipoo *p onnNn nyaon dn boon ono pbn nyaono mnia 
.mn Nin na ma>no nnwa *ino> Nin ,oaNb nno n>n> oby oPyian 
.oon nNO>m oqn nmn nvonnn iao ,bban bo >ona mpo pn nid nmao 
‘in bo wmmo on pbi ,pi>o oai b*m oa o> aiopnbi ,mopii N’n mn>no 
ipa ya <pAni o’yiap o’nNoa naina oai mamon ban oa i-n ,nyiap mNoa 

,no> 


,no> ipa nyiap nvonna yob 7 >o»» on - iioio bo poNnn pinn 
.OQNb mio oby mnian bipoo pr ba 

onPy by ia p >a Npivr anniaob inoba pt *rin o>yoo o>aiAn ba nob tN 
*ry ojioiNnb oiwn (-yoona noya mine byo) fia’n nia int aiab .nia 
.nynan Nbb onn t^oo *ria>n nirna v K on ,nn>uyb 
rN ,t?3Nb mw ^ irm»no >o>\y on o^n , nyiap ^ iim»no on 

)ioio bw-'jwNan pinn nioob inriN nm^ .p ^ 7 oaNb mw oi>n ^ n^iNnn 

:N>n 


mwan bipvv pr ba - {’a moo) jioio bv )WNnn pinn 
oflNb nno msiNn ,oaNb nno on by o>byian 

on by mnian bipv on ,o»n .nnN p>an iioio b\y iwN*m pmn jin ono’J 
mnian bipoo poao ,iiam moon int .ooNb nno wsinu in OQNb nno 
oa mnian bipo aao dn p’onb po ,baN ,*ra>nb Nbi n^iNJib oann Nin 
oby mnian bipo nnana in oaNb nno <)1A bo nuiNnn on :*yiann )n>aa 

.OQNb mw 

bpoon ow aan Nipi ,oaNb nno <jnn by o»byian mnian bipo ia aaon 

•ann bo 

.oaNb nno vby o»byian mnian bipo noNa bpoo >n>oa n^oa on 
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nynn ’pirn mma - 6 pna 


:nKin mm iiovi bo iwKin pinn jik nwono mm non 


sf = o => 2 = 0 


( 6 . 1 ) 


vim oa rK oaKb nno mopii oko iioioi ,niopn pin Kin pmm *inKO 
bib da )ioi’i bo poKin pmn jik limb p’j ,oaKb o’lio onnm no by 

:*naii o’l’iino *rnK 


SF X = 0 => S x = 0 
X? y = 0 — -> 5y = 0 


( 6 . 2 ) 


Iw » 3 iyn pmn 6.5 

.nynp ni’K in wnmo ,oaKO mw <iia by o’byian mniin bipo ioki 

.(noiKn ik) miKJi <iiAb o’ ,m*inK o’b’oi 
sf t^O =» a^O .mono mom 


?ib nmAin nuiKim vii <)ia by o’byian ninun bipo )’i nopn mo 
o”io ’a mniin bipo dk bnAi ok .*io’ on’ Kin on»i’i onmo iinoo 
b*TAn oibo >a ninun bipo dk bnAi oki ,o>’io »a nsiKim oa b*TAn 

.’in oibo >a nuiKnn 

= imp bna 


mmin biprn 


nm^nn 


>ibnn b*m Km .miKim i’ii mniin bipo )>i on>n Kino ,ynpn b*mn 

.mniin bipo byaio vby <iiai 

.m niKi miK oooooi ^nn bo mbK’mi’Kn noon o’Kiip nr btiAb 
>no )’i nnrm bimn by .ni’ii noo nKipin noo bo naon mis o>) 

(.m>iii poiyn p*iai *tioyi moon 


:nKin mini )ioi>i bo >ion pmn ok i>oiy non 


l>ii <iia by o’byian mniin bipo i»i on>n :poi’i bo »ion pmn 
,»liAn bo n»bK’sm»Kn noob nnon ynp on’ Kin uiuka 

sf 

— = m :nKiioon 

a 

:ini’ ytoi’i bo ’ion pinn ,oio’ob ini’ nnn ,mnK mm 
xf = m-S I (6 - 3) 
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nyon >pim mms - 6 paa 


Py nPymn nmxnn iivao nanix nxt .niopn pin xm 11010 Po oon pmn 

.vpy Pyi9n nmian Pipo pvaa a>nn n>m an 

.nPpo Pm xm ,nmxnni Pipon man pi onm yiap ,n>Pxoro>xn noon 

:aa9ia a>aa PaP ainaP ino 11010 Po non pmn nx 


S^x - m-Sx 
S? y m' Sy 


*( 6 . 4 ) 


xm oPn >nPan oann .nnxmni na>o axnno pm xm 11010 Po oon pmn 
nxiion mn- .nmxnn xm man nPy<m Po nxmnm (nmian Pipo ix) man 
nmxn xPi nmxnP oan ma :aaPa anx in>aa noyi >Pxp>o>an noin> 9 o 

.map nonn 

Po ’ion pmn Po >0*19 n*ipo Pya 11010 Po poxnn pmn Py PanonP ino 

: poio 

: 09 XP nno nmian Pi pvv mraiyn nx ( 6.3 nxiion) oon pma a>yi ox 
.a = 0 : 09 XP niio awn Po mnxnno Papi £F = 0 

imam .npoann Po anna aionn pmn p 90 xPP xm 11010 Po oon pmn 
Po oon pmn 10 oPix .npoaoa niy9inn an Po miai man mnnx naan 
xPP PaAn miamo ,naiax n9ipn 700a aw oxo mpoon nyao 11010 
naAona Pax n>oxPpn np>o>9n naAooa miai naom 11 mpoo .nPaAn 
*p ,aixn nia>no xmi mPiaA niamo o>o aanon n>oa9n monm nain 
xP nionmo nixapm maim nmamoa pa iiaa 11010 Po oon pinno 

.ni>nion> 

n>Px>snj>xn nonn 6.5.1 

ninian Pi pv pa omn yiapa nmx maim ?n>Px>sm>xn noon osya >no 
>aa ,Pax .mPxnnnxn noon Po p>nom >n>oxn vm>9n inti ,mnxnm 
mPxnnnxn mono Paa . 6.3 nxiion Py Panoi naiAnn Po nomn PapP 
iP ovnP >aa ,am> Pm nima Pi pv i>py P>y9nP *pns *ja ,am> nPnA aw Po 

.moPa nmxnP 

:nxan nam da n>Pxnro>xn noon nx amnP ino 

. 1 P 0 ma>nnn Po >n>on nx ywnP aw Po nPia»n x>n n>Px>yaj>x non 

Po nimsn >no i>a Pnai xP ,na>aan naina i*rn pa9P ay ,a9on *ronna) 

(.non 00a pmop xapi 01091 noon 
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nyon >pini mmo - 6 poa 


?noon no9n <iun 9o noion i9>ko 
9«wn mooo pn k9k (>ioi 009 noo,n93) noisrnn imm nn9n ni’K K>n 

D’K9p3n 0”0’09 O’0>99O 'TV 0129 *19000 99*110 <ltt 99 .99*110 Kin 13000 

'tv n>99on moon .nyiop noo >9yo ono oonop9Ki 001*1003 ,0010199 
o’9>99on o>p>p9nn 9900 n» 9y 0009 ppo nyopi ,inoo o>>n ,9omn 

.iniK 

o’9u >30 9o moo 9i9>n ,9omn moo riK 9Knon 99po Km nooo iivoo 
m(A + B) = m(A) + m(B) :0109 >99A9K 919 >n Kin 

,noon D99An ninoo mo99n mon>n 1191 m m399ion np>o>9n m>oo9) 
,13 dik p90n i3K9no noio9n n99>nn yno 9 ok ,n>m3i9n o> nmKi 
.(n’OKPpn np>o>9n >9 9y noon 9o noi9>99 p9 room nooo imn *joon9i 

.(mnnno K>n o>on m>no9 no>on) o’on mm nnnxin noon m>n> 
09 A 1 9o noo OK9p3 o’o 9o l cm 3 9o n939 nKooin noinn moo 

.1 gr -0301001 

l ono) o>o iooocm 3 -9 OKUoin o>o mooo 9op3 1000-9 mu 9>903 ok 

,1kg -9 9301001 093l9’p 1 90 OOO 11K9p3 (90>9 

09 9y k 9 ,oipo9 oipoo <yun nun opy ninoo ni>K noinn mooo iivoo 
ok o>p>oo 1303K ,9oo9 nom 9y 100 ,9m> pirn K9 oai ,yiKn 91 *to 

:nKon noionn nipoon 

jit'toj K>n 19 oipoo >i9n 13 >ko yi9p 99U K>n «inn non 

<! 1 A 9 >i9n ,i>9k >pKn 'tv no>oon nioo yoon .^nn 9poo <9poo ni>K noo 
Pnonn 9y .(9oo9 ,n9>n 9y i9pooo 9m ymn 9y 9poo) *joion 

,p99n -joono tioyi ono>9 p>non 

nion nnm>6.5.2 

pino oomo *p oo9 .nion 9903 nmn i9>ko niK99 vooy o>9io> oniK 

: lioio 9o oon 

:mrmnni noon 9o ni9>n>n n9ooo p nion nn>n> 

:p9 

>901 *joioo oio>9 yoo9 >90 . p nion nrrm’o mow tiKt 

9o no>n>9 iK9p nion aoio mon9 iioi>3 9o n9mn imo’on ok n>sin9 

.N niK9 nniK oo>oi 11010 100 9y nion 


2? = m-a 


[F] = lm] -{a] 


[P] = kg' 


m 


sec x 




nyun >pini mms - 6 paa 


:K>n iioiu man na>n> nnain o>a>oa 
l ' 3V l kg ao no»a oman man Kin (l N) iioiu l bo ma 


— 2 -a JmDJ nuiKnni gr-a naaoi noon pa C.G.S. nn>n'n no»oa 


.(dyne) va nKapj K>m nia>p o> n na>n>a on 8 — c ^ 1 man na>n> mnn 


dyne = 


gr-cm 
sec 2 


1 sec 5 raiiKn igr nooa oaun man Kin (l dyne) )>a l ao ma 


IN 


:Kin nia>n>n mo’o >no )>a aopn 


kg-m _ 1000 gr* 100cm 

sec 2 sec 2 


= 10 5 SL_?ID - io 5 dyne 


np*53oa trmsvn mnwi 6.6 

aa no»9Kon nmann ao man .npoaoa o>n>aon mman hn voay a>aa 
ao an aaoo nianon ,maamo jiPko mana noon pan niniao anK 

.mma 

bpoon 6.6.1 

<)un apoo Kapi nrn man ,wa>aoa Ksoin <ju aa 7010 yiKn ana 
.w nwa piooi (aaian ma nnoa 01 o’oonoo o>n>ya) 
aao Kin ok moo Ka ,o»n pun ao moa o»ian Ka mini man nomy 
nan Kin ok ,(’a 6.2 am) yaioo aio>o ay ik (’K 6.2 am) ’paiK aio’o ay 
ok oa moo Ka .(’ 76.2 am) aniKa ksoi Kin ok ik (’16.2 am) oin ay 
aaian ma noaiy ,napo aaa .naiKna ik nyiap ma>noa ,yi ik m Kin 
aoKa mnoo p <)nn apoo) paKn ana raao )ii>aa Kin mioai nyiap 
.(oyo aiy naupa aaai *p ay paKn aiaao o>pnano 



'1 '1 '2 'N 

.man au) usm n”ian qian "apum tivdi nnsiu :6.2 it’s 
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nyiin ’pim mm3 - 6 pna 


momy dk nmp nova naion *r*nn ,nnn Po a^o Paa nnt Ppoono pvao 
oioan nnpon py PanonP N’n ,o’nnN mnia nyaono myaon jin aaiaPi 
<inn noNa onnno m aso .^nn Py pyian amm man Nin Ppoon ia ,nni’a 

.nniNa nuoi 

o’Paii ,^«n ana >ia Pn o’Pann o»ann Pao omaipn o’pnan ooa ii’Nn 
.Ppoon Nin aaian miNnP onnn .aaian jiuinji JiNnpin ,g nyiap nmNnn 



ma Kin Pptunn :6.3 a vs 
.qian Pa P’UEjn yiNn inaia 


NPi ,n>iiNa Nsom on py Panoi on 
Pyian amm man ,imnmo mo moo 
.noo iivaa w iPpoo ,moNa ,Nin i’Py 
n>u mP pom Po ’ion pmn jin oiom 
SFy = m^Sy :Y-n 

S? Y = w -i S Y = g tiwiv pvao 

:Papi 



(6.5) 


.aaian iiyiNnn moo nPaaoP mio <in Po iPpoo 


:6.5 nNiiooo mPiy maion maipimo 
iP on ,(N) iioi’i ii’m ,man ninm’a aaoi Nin .ma Nin Ppoon .1 

.appo N»n jiNt noiyp noon .noo >aPa ,poa 
.oipop oipoo mnoo u»no yiap Pan Nm - noinn moa - noon .2 
oipoo mnoo pPi aaian nsiNna ’iPn - na’oon ma - Ppoon 

.oipoP 


naan o’Ppio wwn oi» oim »na ,Pin nioi’ia aaoi pPi mi Nin Ppoo 
.Ppoo anoP >aa ,11010 na’ma o’oonoo nP oya <ini ,onaa 
mo NnoP mni on .1 kg Po noo Py ,PooP Panoi na’on jin panP na 

:Papn 6.5 nNiiooa am ,nPpoo 


w = m*g = 1*9.8 = 9.8 N 


.9.8N N>n lkg mooo Po iPpoo 


9.8N Pao na (kgf) nia-oaaiP’p uNapm noan ma na>n> ami on PaN 

:lkgf onio im> 


lkfg = 9.8N 


w = 9.8 N = l kgf :nm> l kg Po noon Po nppoo Po aiom 

.1 kgf Nin l kg wooo nn Po iPpoo 


N>n miian ,onAiP’pa iPpoo hn onnioi moo o’Ppio noNa ,oi> oim ’ma 
nao’on nayni noon Po naomn nayno pvao Pin nia-onAiP’pP o^ya 

.nia nP’on jin o’o’ovo ,o>m Ppoon Po 
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nyun >pim mno - 6 pna 


- -—--- --- / - — 

,0on .nynp N>n (kgf) no-ooAiO’pn poi (N) poion i>o nopn mmn 
moo >39 py p*i Kin Opoon *pyi noon *py po n>09oon mm o> io ooon 
oo On ’o .OpvoP niw n 0 oy9 <in noon .110900 mm pn >nn) .pNn 
niopn ooni ,noinn moo jin ONnon nOpo onNn .0010 o>ONp>o>9 oony 

(.no nosiy ONnon 

mo ,(1.6 m/sec 2 ooo ioinji) nn>n Py bpvi 4 kg mooo <|M :nom 

OlPpOO 

1 

w = m-g n -r - 4*1.6 = 6.4 N :6.5 nNIWOO 003 :iinn9 

■■■i .... .......X' ’. v;■XX X..v. 

:Pop3 mo-ooAiP>pP m*r>n»n jin noynP mo3 on 
w = 6.4 N = kgf = 0.65 kgf 

.0.65 kgf nn»n Py nPpiv4kg bv noo 

nomo o’oonoo nPo 70 ,c.G.s. inm.k.s. no momm no>o np’ooo 
noynP o> noooAiP’pn Nin limn no nPNo Pool mo-ooAiP>p non 

.■jiovi Po momo ( 9 . 8-0 nP9on n> Py) mo>n> 



'N6.4 ivs 


>Pnnun non 6.6.2 
.>p9iN nooo Py nmion no>n Py P 0 J 103 

?mpy oOyon oown mmon ono 
.1 Ppoo Pyo <in Po Py ,Po o*np 


lioio Po poNon pinn >9 by ,o>yoi> iiniN .nnuoo rmsoi no>nno 11100 

. 09 NP nno nOy oOyon mmon Pipoo 
mmo PipvO oioaP Po> nP *rnN moo 11100 ,<1013 mo ,pp ,mo0 o»n 
noon rN ,n>n»n non n>n Ppoon on ,mnnN oO’oo .09 nP niw mmp 

.noo oto nt>9i3 nmn 
P>yoo\y mo Nin nonm iin yiiow no 
Ooou mo Nnp3 non .nomn by nooon 
m n>PA3NO Normal) N JUNO IOIOOI 

.(131NO 

:Nin <iun bv Opon mmon o>y/oji 
:Y noo pn N>n mmon jinhoo 

E?y = 0 



w 

'16.4 IT'S 


N - w = 0 

N = w :1N0O1 

,m nnpoo ,nno noon Py P 090 nooono non 


.nPpooP 


- 141 - 
























nyun >pini mno - 6 pna 


non ,iOyo Ksoin «iw to t 7 v nooon ) 7 >y 9 oo no in* ?Oomin non mo 

.iniK *7010 h !71 f)nn jin <jnn *t>on 
jik noi okv id pso Km lOy nooot> -port *piKO Oomin non *rv 0110 


N 


.noum'? -piim Orrrun rmn :6.5 ivs 

.nnpon >9 Dy nyopi inomy .yop D*m too urn Oomin non 
,Y-n noo nmon hkiio’o jik av/nt? o> ,'tmun non jik xwot no 

.N 'yv 0*m jik ^t?nt7 moot 
nom Dpoon nnDo ,00011 o’oik nino nmnn Dy Oy 9 » *iokd O^oD 
t7pvot7 row nm> Kt7 *odi ,ni’jm Dy ^von Oomin non mno’ ,Oomin 

.nn’iin 



.Oomin non oa no’ ,nooon 



wiosijw F <)oii no nOy 'yy&v ,2 kg nnooo nmn to 0 oot 7 Oduoi ok 
f <iou no ijiik Dv 9 > OKI ,00mm non )op> (’K6.6 mo) ntoio >9)79 5 N 

.Oomin non VtA’ (’96.6 mo) noo >9)73 



'N6.6 TPS 



'36.6 


J 

,N 

mg 



F 

U 7 


tps 


SF y = 0 
N + F - w = 0 


N = w- F = m-g-F 
N = 2-9.8 - 5 = 14.6 N 


Sf Y = 0 

N - w - F = 0 


N = w + F = m-g + F 
N = 2-9.8 + 5 = 24.6 N 


:)kdoi 


:)KDOi 


? Oomin non jm omio t’k 
nt 7 poo o’Kno o’otKon .Oomin non jik novoD omio o’ojkq t 7 o 
> 9 to 0O090 ono non jik (N-d Kt 7 i kgf-o ,pioD pro K’no) onDo 
*T>nm non ok .noo > 9 to onOy oOyon Jiinon t 7 D jik )tKt 7 m nt 7 yo 
.)Oin Dpoon jik o’K*io o’otKon jk ^un Dpoo Kin noo >9 to Dyon 
Kt» <)iAn t 7 pooo nnot 7 jk ( 6.6 moo iot>) 00011 jnno 00090 ok Oik 
. ninon Oomin non o pnK *py o’ovKon o’kio ,ninon 
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nywn >pim ninib - 6 pna 


tmn nirfmon 6.6.3 

Nb bbN ,onb*t 7100b po ,oin in ,bon mtyoo uniN -tobo o»nn poj 

.oniN 7in*rb 

by oinn n> by byainn nibn N>n .(Tension nr n>bA 3 Nb ninmn) T ninmnn 

.vbN mop oinno <^wn 

.<inn nib Nbi 70m nib n>nn N»n ninmnn .oinn p>bb Nin ninmnn pvb 



hujnd ,miuj imrnnn .a .inn Nbi iunn m: wn uim mirainn n :6.7 in 

.■unuin uinn -pram ™ i ) oj .hdo nun uinn 


nn>p inn .non ’non o>om pinb i>n niN’unb) non non Nin oinn noNb 
ninmn ,(7010 oinn ijiin <inn noon nbinb mop oinn non *ioNb nninn 
hn moo oinn on ib’QN ,nnr niNoi N>n .nnr N>n oinn bb 7*iiNb oinn 
•Tib’n nnoni non nnon p mbAbuno nmnb JiNr ,(’b 6.7 *n>s) un>b 



Denial mnrjn :6.8 -ir*x 
.our bu ’lbnn qu bn 


niopn 4 kg mono 71A by ,bonb ,bbnoi 
,n*ipmb ibinnn bpon non oinb 
byiQ w bponn pun by o>bym ninib >30 
>9bb T ninmnni .non mbb ^un by 

nbyn 


:Nin ninibn o>om 


t 

w 


71010 bo iioNin pirn onnoi ,bpon >n>ob nuoi ^nni iono 

SF y = 0 :N>n ninibn nNiion 

T - w = 0 . 

T = w = mg = 4-9.8 = 39.2 N 

.fjwn bponb ,nr nnpnn ,niio <jnn nN oinn 7010 ib nibn 
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nyun >pini jump - 6 p*ia 



Ti 

4 



—71 

_ _ 

_[ 




♦ 


mg 


I T3Y 



6.9 iy>s 


( 1 ) 


rmtjttw roion Py noon nmnp Ppnoi 
,onooo > 3 w mm *i’p Py nnPnn l kg 
onwpn ,noo non o>Ppn ’iw o’pnnnn 
.noo non >w>Pv Pan 
Pan nmmon jiK>yo Kin n>ypn inna 
.o’Pnnn myiPvo *mK 
jump d’vnn ivy Kin iwkp pp\y 

.mnonP 

,mg nPpon :mnip >3w n>Py o’Pyia 
.Ti niKn Ppnp jiin»noni 
,Pp\yo ’ii>\yp jikuoj nnonnw inno 
:iioi>3 Po iioKin pinn >a Py o”pno 

Ef Y = 0 

T i - mg = 0 

Tx = mg = 1-9.8 = 9.8 N 

PpvoP nnv niKn Ponp jnrnmn 

.mionn 

onnKn o’Ponp mnipn dk nroP no 
1 >p *in>nn jnipiP mnip o>\tnji n\yyi 
mnipno nnK Pp pnaii ,o>ppnn 

.D’P’PPP 

:K’n X-n n’m mnipn okiiwo 

£? x = 0 
T3X ~ T2X = 0 

T 3 -cos(45°) - T 2 -cos(30°) = 0 


EF y = 0 


:K>n Y-n *i>yp mnipn hkiwq 


T 2 y + T 3 Y - Ti - 0 

(2) T 2 -sin(30°) + T 3 -sin(45°) - T! = 0 


:Kin onPw pman ,(yrr> Ti) o’oPyi >i$p jiikiwo >nwP uy>n 

9.8 


. _ _Xi_ 

2 / cos(30°) -sin(45°) 

l cos(45°) 


+ sin 


in(30°)j 


1.366 


= 7.17 N 


T 3 - T 2 - 


cos(30°) 
cos(45°) 


= 7.17 


cos(30°) 
cos(45°) 


8.79 N 
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nyiui >pim Jiima - 6 pna 


roman bi pv bv ntannn - n^wnn 6.7 

ma kid ,<itm maa) np’non o’nnwn Jiiman an jik ma’n way ay 
ona o>ayo ay uaanon ojiy9wn jik maa nai ,(*n9i p*i9 wnpi 71 a>nn 
jiiman aipw ,aaK .iioi»a aw pwK*in pina uwojiwn ii>>n ,nniioa <pAn mn 
on>ay o>9wn aw nyiKJia can ,W9K0 nnw Kim nmoa ,<iiAn ay o’aynn 
na ,poi>i aw ’iwn pina wio’wa jiioiw9 jiikoah aaoo ay aajioi ,ayi9 Kin 
jiiKOAian an jik .jiima aipw n> ay naiKJi m>y> aw pnp’yn jik pana 

.D’Kan o’pa9a mowi (naan wn) 
: 11010 ’pin Jiatya o’a>A*ui paji9 rmiapy ay pa amp moyi 


pws ’pm mrya o’b’jnn pans nunpv 
narya oKn ,naKwn jia»njia yiapa w> povi >pma Jiptnyn nanw aaa .1 
jisikji ay p’ona 11001 jnnian aipw jik Kisoa p’i naKwa o>iijiin 
jik Kisna mnryai *pAn jiuikji jik Kiaoa pi»i o’UJiin pw ik ,<iiAn 

.jiiman aipw 

: Jiiman aipw jik Kisoa >aa .2 
.jiiman aipw jik Kisoa a>an vay «pin jik maa w» 

.<pAn taaoo o’KSi’a jnnian aa jik ooawa iai Jiima o’waji *jnya w> 

.iio’o jik Jiimano anK aa a> ay p>sa w» 
.n>yaa nnaiw on»sn >iw ay o>a>aaa jiiman jik pa 9 a w> 

.jiwvi aw »iwn pinn ik pwK*in pina Kin wio»wn dKn yiapa w> .3 
,aaaia a»aa aaa ,poi’i aw >iwn pinn ik pwKin pina wojiwna w> A 

. < liin jisikji tsy Jiiman aipw jik nwpa »aa 
jiiKnwua wojiwna p’n ,nyiap ^nn jihikji ,yiap Jiiman aipw awKa .5 
.^iin jiyiiji jik njiia »aa ,nyiap nsiKJia nyiuin 



njiwow na>Ji aw nuiKJin >no .k :’k noma 
aipw nia n»ay ay9io ok ,4 kg 
78 N aw 

,6N aw noaiya ,<pii ma ok .a 
liiKo pi»aa <iiAn ijiik # ayn 
?f)iAn jisiKii >no ,pwK*m man pina 


S? = 8N f m -4 kg :on o’lijiin . 6.3 nKiiwea wojiwi .m 

3 _ 2F _ 8 _ jn^ "mao 

3 m ~ 4 ~ 2 sec 2 1K3D 


rpniwi 
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nvuii >pmi Aims - 6 p*o 


.owt 'pm nbrnfi hh niiob *wqk .a 
minon bipv jik to tmp ksoj niWKnn *r*m 

8N , 2F = \/8 2 + 6 2 = ION 

j tg(a) = | = 0.75 


a - 36.9° 


6.11 HI’S 


:Km nsiKiin 


.mnon bipv inob Kin mnoi 5 = 


sf _ 10 


m ~ 4 ' 


iix = 


x - m *ax 


. SFx 8 .* in 

& X-- T = 2 —“i 

■ m 4 sec 


:i>^n asm n>wn 'pin 

sFy = m * ay 

m ,i : ';■ ■ ■■. _ sFy _ 6 _ , _ m , 


.V Y • -V- 4 y» 

ay= _ = i = 1.5 


mbipwn miKnn hk kso 3 ,miKnn mono 


a = JWTTJS = 2.5 


tg(a) = ^ = 0.75 ' =* a = 36.9° 


:inom 


by Ktiobn 4 leg woov <yix 5 sec foob yu\n ION bo >pbiK no :o nnAvr 
.nnuob <jwn nm nyiwn nbmn 02 b .pbnnooo 

?<liAn joikji mo .k 
ION 5 sec nnKb <pAn nnmo mo.b 
BHj . ?nyiwn nbmno 
WzmmtmMtMIMI i|§ lOsec nnnb <inn immo mo .a 
'm6. 12 IT’S ?nyiwn nbwno 


bo mnon d>o*w ok ,mno nbKO bb bo pilibbllllll 
.i>by o’byion mnon bb ok b»to ,iooik fiKt .<p>n 
N ,mno noibo <jwn by o>byia ubo mpob 

| .noo obb - w - bpoon 

10 N .nbyo > 9 bb - N - >bo*mn non 

I KS *V .m’o» 10 N bo nbn 

| .too no bb by Km mnon bipo by mtononn 


:)YU& 


:i6 .12 ir>s 
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nynn >pim infra - 6 pns 


Y-n non miKn i>kw 13 X-rf non nlia nyyano nyimn 

:o9Kl miw nr non mman lipwi 
Spy = 0 •---■> N - w = 0 ^=> N — w 

UN KISOl 131 1W *m OIW 13la>pW nO»Oni93>H3 1>K) 
.aiwrnn nioPw owl pn mman lipw hk uawmi ,n^mnn 
(.Kan pnaa ia lyi ,iia>n >aiw>na pn uhik i»3y> Y no* 

S? x = m-3 x :X-n non K>n mnKim 

ma i>k) ION 1w man Kin x-n mm *r>nm nianw in>ao 
mman iipw oa inr ,(pln nowon >a nowon iw nnAann 

. 

:on ooinrn .nuinn miw nyun Km nyonn .a 

Vo - 0 ; t - 5 sec ; a = 2.5 m/sec 2 

" :K»n 5 sec nnKl mnmon 'Ill 


vo + a-t = 0 + 2.5-5 


1y mman lipwi ,1iyo1 man p>oao nyun 1w 5 sec annl 
1’woo iioio 1w iiwKan pinn >9 1y .t»9K mml i9in inn 
pli man nliya npoan yAna nm na mnmon nnwa inn 

. 12.5 m/sec *ikw>h mnmon 


mnlnnn mnmoa nap nowo 1 y npPno 500 gr nnoow npon 
mo .nnyim II oko l n 1w yiap pam ma . 5 m/sec 1 w 

?nyymw ay nponn maynw pnnon 

.mma nwilw o’ 1 yi 9 nponn iy 

|S -"I- _*ma k 1 n>n mnmon 

*— mam ipwon oPooa Y-n non 

..nt nn nr Ponun 

ma Kin *rmm man X-n non 

-► nnan nioyj iiamn ma 1 y .pamn 

v | nnaiya wonwi pn yAna ,8 pn 3 a 

w .nyunn imal imn nn»aw 

6.13 ht-s .f a iiamn ma *m )»o) 

.x no*i mman lipwa -f ,pl oiwns 
III (nynnn iivaa ma vk >a f=o aomli ,F-f oiwnl 10 a m) 
Sf x = m2 x 


ISllllllll 

I" y:>: ■ : v .y;pf - ' 


nmn 


6.13 tps 





:pnii9 
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nywrt >ptm mma - 6 paa 


fL _r 'm 

m 0.5 sec 2 


raiNW nyunn mxnom wanvi na>yya *ry pnaon nxiyoa 

.nynp (nown) 

v 0 = 5 m/sec : v = 0 ; a = -2 m/sec 2 :on O’limn 


v 2 = v 0 + 2-a-x 


tnxiwoa woiwj 




6.25 m anna auym nptmn 


ay xuom 0.5kg miwov nayn >aaa iwio 20N aw m3 r’lnam 
?<pn y>A> vax nann mo ,5 sec ivon ayia man ok .nasnn 


p <pn t)H onna maso man okn n>d nwmn naxvn 
.*jvi«n mam <pm apwo va mwi *p ova xa ix n9U>an 


w = m-g = 0.5-9.8 = 4.9N 


:«m <pn apvo 


: liana 


20 N 

15t j 


fjjjpllf■ .nasnno pmi <pn pav*jvi»n mano pp apvon 
yAo i>x >a Poaii ma i>x) mnia ov pa ,pa ,oPyi9 <pm ay 
.apvom *jvi»n man (pimm anna naann oy 
:xm Y aon mman jixiivo 
. SFy = m-Sy 

:xm mman 3ipv 

™T™ ri?y = 20 - w = 20 - 4.9 = 15.IN 

I mna nyoim p>aa Yiimah a>»n) 

e. i 4 avs w (nyimn p>aa pan poa mman 


II 


m 
■ b* 

5# 


S?y 15.1 _ A . m 

Iy = mm = 4f-F- = 30.2 —^ 
m 0,5 sec 2 


mmrnmmm 


:on owiuq .nynp K>n nyunn 


- ■ 2n 

vo = 0 ; t = 5 sec ; a = 30.2 —* ; xo = 0 
»iiiiw sec 4 


:nxiiv»a vow) 


x = xo + vo-t + |-a-t 2 x = j -30.2-5 2 = 377.5 m 


.377.5 m av naua n3y> <pn 
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nyian >pmi dims - 6 paa 


by pinn 6.8 

m3 ,b 3 K .Ifla’atn KAHAAn *lf 1 N ^lA n» by OaAA O’lOO by byi3d did ba 
.o>9un >id pa pboiA nbiy9 nbbian n’bban roionno mania pa Kin nr 
,Fa-> b -3 unoAd ,B <pA by nia b’yao A <jia adKad .p’O’j n> by ,ka»da 
. lAivaa -pani rtTM ib niwn F B ^ A nia A y\ by nanna b’y9>a B <pA rK 




.■pvaa rmam arm mirnn nnan up n'Jiuo bab .6.15 avs 


pad <jia by *rriN «pA b’yaod nia bab - poi’A bd >d>bdn pinn 
by »ivn <pAn b>ya»d pivaa 71 am b*ma mid pawn nia o»p 
. pdKan <)ttn 


:Kin poi’A bv ’d’bdn pmn ’ooma nio’Aa 


Fa-» b - - Fb-> a 


( 6 . 6 ) 


.b’9iAn asob adp Kbb ,nmian ’Ait? ba >aAb paA iiova bd ’d’bdn pmn 
ik nyiap mamba nyuna .nniioa o>91ad ok rowo Kbit; naioiK nKr 
.7>on o”poo )ioi’A bd ’d’bdn pmn .’iai nmwo nmKna ,nyiap nyiKn 

*rnK ba ,nanm nbiya o’Kapm mnia ’Ad pa noo’o pm mrd pi’ab 
nbiya nr napioa i>k .nann rK Nap’ ’Adm nbiya Napmb bia’ mniania 

.mnia >ait* bd miobiiD’o nbiya KbK nimnim 

ni’iyo ny’ioa nanyni pioi’A bd ’d’bdn pmb nyAim “mo nawn n*npA 
’i\y by o’bym mman ’Add naaiyn K’n ,naum nbiy9 bd nmia nuir ’imra 
.nr bd mbiya hk nr o’boao oa’k mniand na’on da mn .o’Aid o’9iA 

■imi’A bd ’d’bdn pmn nAanb mawni m’o’oa niKOAn naob by banoA 
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rnnjn »pim mm 2 - 6 jna 




'jfjujn'? nnam ttid .6.16 nu 
.yi^n hid 'll) ‘Jinan 1112 Nin 

N 


imm man .miKi Kyoin <1121 3»mi3 
.w i3pwo kid <y2n 3y 3yi9n 
3y 3y9ion mi mr ?min jik 3>v9Q >o 
3>y9o ,011210 .<)wn 3y yiKn im >i> 
ryiKn *ina 3y min ijiik jik <inn 
(mimr; nr niurm >oi n3iyan >o) 
^iKn ms 3 k 3ai2 <)nn\y ,nimm ni’tm 
own pinn K>n <y2n 3k ’pKn *1113 k3i 
nmn <iu nuiKjiv u3 ioiKn ,yoi’3 3v 
noo .inv n3m moo\y 333 inv niop 
nJlSIKJIV n3l!2 *p 33 ^IKn 1113 

.JVV9K 


w 


N 

* 




1 


i 

r 


1 




w 


w 


N’ 


.M9U>in 3y fi3ion <y 2 3y 3intm3 iny3 
,w 3pvon :mni3 >3\y o»3yi9 ^nn 3y 
.N >3oii2n noni 
?niiAni n3iy9 3\y nmn Air mr OKn 
niiAJin >no 133 13»ki .ji’wki ?k 3 
,ji’3iy .'pKn 3y 3yian ni3 mr - 3pvo3 
131QK1 ,<inn ijiik 3y 0’3yi9 jnniin ov 
3y o>3yi9 niiADi n3iya 3v Jiinun 2 irv 

.0’3W 0’912 ’3V 

3y nowon 3’yanv >3oii3n ni33 niunn 
3y ^un 3’yaov <1013 ni3 Kin ,(N) <y 2 n 
.nOO >933 ,(N’) yiKn 1113 
-1 w-w’ :n3iAni n3iy9 3v nmiin nmr 
.1’OJI D311A3 O’llV N-N’ 


3oj mini man 'xu :6.17 ivs 
.• 121 am nliira 


ni’oo V3i3 N-i w niniin yi yoivn 
.yoi>3 3v yiuKin pinno - i>oi3n3 ninK 
mw mni3n 3ipv ,nni303 <y 2 n ok 
. nmiin yi ynw p3i ,09 k 3 
mni3 vn> ok) o>no Jivn3 o’3n> .o«pnn3 i”nv y>iw i3’K mr ,3 ik 
103 nyiKiii n3yn n9y>m >3 nnooo nm> k 3 <y 2 n ok ik ,Y 100 o>9013 

.n3Kn jnniin yi y>iw nm> k3w (3y/o 3 ,n’3yoi 


ivy) novo 3y Kioan <y2 ,3in mryi “yenon oik 3v K>n jv\s»3\yn noAim 
3>y90 mum .Fi i3 Kip3^ ni3 3onn 3y 3>yao oiKn .(Kin noyi 6.18 
.131V31 *ri9ni 13112113 nnwn Fi’ nil oiKn 3y 3mn 
3y F 2 ’ mi 3inn 3y <y 2 n 3>y9o ,nii2ni .'yan 3y F 2 mi 3’y90 3inn 
n3iy9 3w imir o\y p3 v> ,yi’3i 119 m 3 iiai mw nun ,niy 3inn 

.nii 2 ni 
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nyi *t\ >pnm mms - 6 psa 



w 4 ? (tetot) e T»3n nrrt muD o7nh m3 on .'nn mm tu tojto oto :6.18 

.nnr *nnn n**s '•juu nwnnm nr* 

S© noon on . tn ,tt mm iwi man nnr* *2173 ma 'riran o 7 Nn on 
rtPN nonn on *?in ^itth ^jqj n rmui rnmnn nvm don 1 ? nnuj ^arm 

.nvimnni *mn mm don 

anaunm naiyon mnw 'rv nuirn oo pa nopn mo 
?rr <iun okm .k .nnaiy >n«n mPn nawnn 
.tw> Ka <>un ,nowoni <i«n paw *pa>nn mao pp oaKn a>y 90 v man ok 
F t = F 2 ’ -1 o<ma nw aann ay mman aipo nr nnpoa 
nPKvn nary ,pa>nn mao am a>yao oannv man n rr p <jun ok 

.mwn 

?noo w> aana oko .a 

F z ’ - Fi = m 3 :aana mman okvoo hk ownj awn nr noa inna na 


(tJ9Ko raw mman arpo) nswn ia vw imoa rk ,noo i»k aana ok 

:nnr in>y >wo mn>non 


F 2 ’ - Fj = 0”3 => F 2 ’ = F1 


.aann nn >w pa nvimnoa aaan v> rK ,m noo v> aana ok 


,nanK yon ok KaK ,iiniK ,aaK .noo non oPan o>o»p Ka ,mKPoa 
<)iAno man ok n>ayo aannv moi ,o>m>n nooa on>a aann noo ok non 

.»w>w Kaa own <yp anKn 


ma iniK nn ?na>nn ok -jwoa oaKn aia> asn ,naK\yn aaaa iPKro aaK 
onnK mmaa nmyi nawnn ?vay na>nn na>yao na>nn ay a>yao oaKno 
n>n aia> Ka *pa>n non pan nooo ay vn pm o*tKn ok ,*pa>nn mma om 
aaK ,(nra nr aapnna pa oPia> vn on>w) uivaa na>nn ok ivyoa oaKn 
yav *ria>nn mao nnv am *pa>n ma aym nasnn yai oaKn yao aa*a 
anon aynn mam ,niw Kin ono anK aa ay mman aipv naunm ^un 

.oaKn ok mna nPso Kai na»nn ok mna nPso 
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nDiin >pini wnia - 6 pin 


.noun Ppv 01 Ppvn ,o>>irKnn 6.8.1 
nPpvo o’kto o>orKon ,on>PD ^niP Kin o>orKO Pd toid otk *ivk:> 
on ,otko PpvoP mw nr no ok .on>PD PD9inv nun jmo jik pnvPo 
o*TKn Ppvoo Pm ik pp nr nu ok ,Pok .oTKn Ppvo jik up ik*i> 

iPpvo mo vniP nPu> onP )>k pnvpp nn>oo 
N Pd noun otk Pd o>PDun Jiinun 




.N >Po*nm nuni w iPpvo on o»irKo 
>*r> Pd PD9ion no Kin >Po*nm nun 
PD o*TKn P’dqo mwiu .o’orKon 
liiuo *runi P*mn nuv nu o»jrKon 
.outio o>orKonv nun inr .N’ 
,t>oji o>iiv N’-i N mnunv inuo 
o’K*io o>orKonv tokP o>Pu> imiik 
.0’P>D30 onv >Ponm nun jik t>oh 


N’ 



6.19 ivx 


luiDnm o’orKon pd to id otko ok 
,( nDup Jinmoo nDJ ik) nnooo nPu 
:o9KP niw mnun Pipv 

S? Y = 0 
N - w = 0 
N = w 

Pv ’Jl’OKO Ippvo JIK 0>K*lO 0»>irK0n 

• OTKn 

ji>Pdot o’kdoj o»orKon ok ,Pok 
Pd Jiinun Pi pv ,odikju juti> ik nPiDn 

.09K 11’K TOD OTKO 

,nPDO uPd nuiKJU nPiD ii’PDon ok 
:K> n jiinun jikiivo 

S?y = m • 

N - w = may 
N = w + may 

>ji>OKn PpvoP Ji9ViJi o’kto o»mKon 

.iiiSy Pv 


:K>n Jiinun jikiivo ,noo uPo odikju jutv ji’Pdqh ok 

Spy = m*Sy 
w - N = hiSy 
N = w - mSy 

.mSy Pv ’ji’oko Ppvon nnnsn o>kto o’orKon 
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nyun >pmi mma - 6 pna 

plan 013>0 

o>£m >iv i>a i>boian mbiya bab >bba ov - ms 
1 sec 5 ns1Nn lkR 'tv fioob oiun man Kin (IN) iit>i>i l bv ma 

cm 

1 sec 5 1 * r * v no °* oman man k«i (l dyne) in l bv ma 

.‘lw by o>byian mman ba bv nwpiw mavn - mman bipv 

pt ba ,nv> ipa nyiap mvnna yub 7>vo> «iw - iioi>i bv iivnan pinn 

.venb nnv vby mman bipvv 

sP = o =>2 = o 

sPx = o s x = o 

Spy = 0 — > 2y = 0 

Kin untiMii i>ai «in by o>byian mman bipv i>a on>n :iim»i bv >avn pinn 

<inn bv mbK>sni>Kn nvob mivn yiap vn> 

Ep = m-2 

2P X = m - 2 X 

Spy = IT1'2y 

.<inn nsiNm bipvn man i>a yiapn vmn K>n mbK>y*o>K noo 
.ibv mvnon bv >u>vn jik yiiob «iu bv nbia>n K>n n>bK>y*w>H noo 

ma tj>»p ,»jv «|tt by tnK <iu b>yaov ma bab - iwvj bv >v>bvn pinn 
liVKin *iwn by >ivn *)wn b>yaov ,in>aa 71 am b*ma nnv naun 

Fa—>b = - Fb —> a 
w = mg 
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nynn >pim mnu - 6 poo 


n i»vniN»n ji^N\y 

•lioio >pm nviOv jik >/nt>3 .1 

?m!7Kon3>K non mo .2 

?0pvoi noo yn !nonn inn .3 

7O9K0 illW *\Vi JimKJl mo .4 

no’Ko o’yoo unJK no rioioon ivko nonp O’pori wok ynn .5 

?nV01Kfl90 

? vy» Oynn mpvn man pino man Km <iw 'to nswnn pvo ohm .6 
?v^y Oynn Oipvn man iivoo man yj oKn .7 
xxnfr nw kV nsiKnm O9K0 mw nnmon n n^oO »wn on/p .8 
?nim !?y o>Ksom omn ntf poio >pmo >mvn mo .9 
?<iu Ov Ppvo!7 nnnnn no mo .10 
?<yo Oy Oymn nomm no!? nounn no mo .11 
?noum n^iya Ov mno Air on »0ooon mam Opvon onn .12 
.oiivoo o’ornm oOmAO nr!? nr now nnnnn moi nOiyon no ok .13 

?nr riK nr 0>!?030 k! 7 on yno 
:mo !70>an!7 v> o?Kon onpono nr?K0 .14 
.ppn novo Oy nyiop nnmoo yot? *j>von!7 <oa!7 oi*ia! 7 no (I) 

,p!?n novo !?y nyiop nnmoO nnooo ynnO ovia! 7 no (II) 

.p!7n k!? novo Oy nyiop nnmoo yin 7?von!? <^w!7 oioaO no (ill) 
nnpii90 f\u Ov mmKn im iKnon <pAn ,?no>N piw ,nK*u *ro>o .15 
?<l*iAn !?v yio’vn mo ?vVy 0yi9n Oipvn nion !7V 
nnpimo <)« !w inmKn ok iKnon <pAn ,mio>K piKo .nKm *T2>o .16 

?<pAn !?v yi9>vn mo ?*riom oa o»pv nnmo ,iny Oyion nion !7V 
niioO nOAyn ok oion *jvio ,yioio !?v ’v?0vn pin!? onmno ,yno .17 

?nnr mo v!?y n0>y9o Kmv 

?my 0yi9 mK no p*i ok !7pvo >ii>vo nimo 0io> <)ia oko .18 
!7yio nnK no p*iv nimO 0io> oko ,nonnm nOiyon pm !?y *ronono .19 

?«in!?y 

yno , ivpoo 710m Ooiao nnv moo !7on 'to mrap ov onvio ok .20 

7O9K0 nnv k 7 omo nmmon 

moo onmm ovo wik onvio ovko ,mi> n!?m omo nm?non ?no .21 
?F moo ’jvn oyo o’ovioi n’pO miK o?ovipvo ik ,f 
k!?i ^iKn Ok 09O m9im yno ,nonnm nOiysn pm Oy ionono .22 

?m9im !7K ^iKn 

>o ,o!7iyo o’90AKnon 0n>o ,mon !700 <ito ^niK !70po nriK ok .23 
>oa>? nnr KO noon !7V nK^mn yno ?om» nprn noo Oo’p ooovo 

?O0>3V 

moi ,nvyo!7 njioi ni’K lioio Ov >3vn pmn yo nyoon mpoo ir>K .24 
?ir mono poio Ov >3vn pmn Ov mOonon Oy *jo Ov myovon 
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waft >pfm nmo - 6 pis 


6.21 rns 


6.22 nvs 


wawm mbNV 

*h ti*yi 

fc,,..4;aij .novo Pv nnooD nnoiv 40 kg nnoov iiod noip .1 

jSL - n,; "p n » o ’ WMn r ” , " : > n *> ™ ,/to-w •» 

6 .2o nvs ?nmono *rnK Pd Pv upon mo .d 

?noipn Pv o>Pvon ninono *rnK Pd Pv Pnnn mo .a 
? noipn Pv Pvon nmon Pi pv Pv onoi iP 7 U mo .7 
mmmm. .oin Pv nnPn 200 gr nnoov moo .2 

.muon Pv o’Pvian nmon Pd nn Voodv k 
0 ?nmiDno inn Pd Pv upon mo .d 

6.21 nvs ?moon Pv o>Pvian ninono *rnK Pd Pv P*mn mo .a 

?moon Pv Pvon nmon Pi pv Pv 01101 1P71A mo .*r 
nviDp nnrnoD (poiPnP pPn) mp novo Pv nvi lkg nnoov npon .3 

.4 m/sec Pv 

4 .nponn Pv o’Pvon nmon Pd nx >/oonv .x 

”*■ ?nmono 7 nx Pd Pv mpon mo .d 

6.22 nvs ?nponn Pv o’Pvian ninono 7 nx Pd Pv P*mn mo .a 

?nponn Pv Pvian nmiDn Pi pv Pv 01101 iP*tia mo .7 
| v .(nnot 7 >nxn nmmn) nPvo oPd pnn 1 kg woov dvtd a 
JL .niDn Pv o>Pvion mniDno 7 nx Pd nx >/oonv .x 

Up ?mniDno 7 nx Pd Pv upon mo .n 

6.23 nvs ?*n*tDn Pv o’Pvon mniDno 7 nx Pd Pv P 7 on mo .a 

?*iUDn Pv Pvian nmiDn Pipv Pv 01101 1P71A mo .7 

—. -—-r- n ION no<) 1 p Pv PV 19 10 N Pv >pQ 1 X PlpV niD .5 

2k 8 —► .pPn novo Pv moivn 2 kg nnoov 

““T* .n»vn to o>to»n iwmn to m >/*nv x 
?noaipn Pv o>Pvian mniDno mx Pd Pv P*mn mo .d 
? noaipn Pv Pvon Pipvn nmn Pv 01101 1P71A mo .a 
m ?noaipn mnxn mo .7 

* 5 ^ .8 kg nnoov nD>n *jvio 20 N Pv >psix niD .6 

1_ nvi na>nn >paixn niDn nPiva nnoP 

_ % *" 20 N .5 m/sec Pv nviDp nnrnoD 

6 25 nr*s nD>nn Pv o>Pvion nmiDn Pd nx >/oonv ,x 

?nD>nn Pv o>Pvon mniDno 7 nx Pd Pv Pnnn mo .n 
?nD>nn Pv Pvian Pipvn non Pv 011011P71A mo .a 

?nn>nn mnxn >no .7 
?non nPiV 9 npoan nnxp namn mnxn mo .n 
nxsom lkg nnoov nam Pv P 1 V 9 P Pmno 4 N Pv >paix Pipv no .7 

.5 sec *jvod Pvo non .pPn novo Pv nnooD 

_ ?nD>nn mnxn mo x 

jjpcg.'—► 4N ?namn nvoo n>Px noion nnmon mo .d 

* 7*1 ?non nPiva npoan nnxP nnmn mnxn mo .a 

6.26 1VS 


6.23 IVS 


6.24 IT’S 


6.25 TPS 
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nyun >pmi mow - 6 pta 


-.o’pbn omooon bb .m noon bo 0010 o’b^o 3 700b .8 



6.27 ivs 

Kin >oi ,0’bsono inx boa m noon by o’byi<m mnibn ono .k 

?jnnibno tnK bb bo upon 

tnK bbb noon by o’byion mnibn bbb nbttnn mnib ono .0 
?mnibno tnK bbb upon Kin >01 ,d’buono 

?o>bi*ono tnK bbb bipon nibn mo .x 
?o’buono tnK bbb nuiKim mo .t 
?o>buono tnK bbb ’bourn nibn mo .n 
nooon b’yooo ’botim nibn mo .nooo by nnno 4 kg nnooo nt’n .9 

to’Kbn o’tpono tnK bbb ,nbmn by 


ION ION 



Y 


ION 

(5) (4) (3) (2) (1) 

6.28 TPM 

,pbn nooo by ntoiyn 5 kg bo noo bo (111’bi btu) nuiKim >no .10 
:o’Kbn onpono tnK bbb onKinon mnibn n>by o’byi9 toKb 



(4) (3) (2) (1) 



(6) (5) 


6.29 TPS 
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nywji >pim mma - 6 pas 

TflK aaa ,a>11Na N»D3n 4 kg IllOOO <]U ao (pi’ai a*J1A) nSINIin mo .11 
100N ion :o>kim o>asono 



( 4 ) ( 3 ) ■ ( 2 ) ( 1 ) 

6.30 IT’S 


may amno aoNa ,ro’o> nyiap mamoa ny3 5 kg nnooo nam .12 
:o>Nan onpono tnN aaa ,namn (hoinji in) hsinji mo .nia 



( 3 ) 20N (2) (1) 

6.31 TPS 

>39a nnooa jmsoin ,3 kg nnooo nam ay ayi9 6N ao t»ipw nia .13 

.man naiy9 Jiamn 

10 sec *ry ptn ao map3i9a namn mikji ao <pAn hn yooao .n 

.nynnn namno 

10 sec ly yarn ao myp3i9a namn marno ao <pAn jin yooao .a 

.nyunn namno 

. 2 m/sec 2 ao mnNlia <)1Aa omi 3 N ao ai po ma .14 

?<iwn noo ’no .n 
? o”3o >9 a*tA’ aipon man oy <)iAa nmn nyiNn ipn .a 
?aiy 9 a p> 09 > aipon man oy <ina nmn nsiNn mN .a 
.2 m/sec ao nmannn mamoa l m/sec 2 ao nsiNna ny 3 4 kg ao noo .15 

?noon ay ayi 9 n aipon man mo .n 
? nyon ao 10 sec anNa mamon nmn no .a 
?30 sec anNa mamon >no ,20 sec anNa o9njio aipon man on .a 
• :yiap ma Nin mano nmna ,o>Nan onpoa ayi 9 n aipon man mo .16 
marnoo ,10 cm imiyo a>p 7at naiya o>no lOgr mooo y>ap .n 

. 100 m/sec mamoa 200 m/sec 

iniN N>aoi ,nni 3 oa aoiyn 200 gr mooo anaa oyia aa> .a 
. o.ooi sec no’yan yai .10m/sec immoa 
ao yax 700a a>pa yAi9 ,2 m/sec mamoa y 3 200 gr mooo ana .a 

.mamon nmna anm ,0.002 sec 
. 20 m/sec mamoa nayo maa pan 2 kg mooo 71A .a 
. 20 m/sec ao nyiap mamoa y 3 2 kg mooo 71A .n 
novo ay 20 m/sec ao nmannn mamoa y3 2 kg mooo 71A .1 

.1 sec am asyji ,>p 9 iN 

.1 m/sec 2 ao nyiNJia nayo >9aa om n» ay 70031 kg mooo 91A .t 
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nyon ’pirn - 6 pia 



100 N 


6.32 ivs 


ION 


3 kg 


’a noa 

.d’otKoa apwi 2 kg moow <iia .17 
?^*lKn 7173 ’39 3y iapwo ino .K 
7(1.6m/sec 2 K’n m’D 3y 73137 miKn) m’D ’39 ay iapwo mo .a 

.10 kgf aaia ’39 ayi l kgf Kin yiKn ’39 ana aw iapwo .18 

a'pKn ay maan non ’no .k 
aaaian ay man nt>o mo .a 
aaaian 09 ay aaian mwn ’no .x 
10 sec *jwoa *rwio ioon aw ’p9iK nia .19 
nnooa naoiyn ,3 kg nnwow na’n 
.man nPiyo na’nn ’ 39 a pan novo ay 
.na’nn aw nyonn na v* nK o’a’oa yaKn .k 
?man naiy9 101 a na’nn miKn ’no .a 
7man naiy9 npoan anxa na’nn mmn ’no .x 
ana’nn nyon man n’ao’oaon nn’non ’no .7 
ayi nyonn na’nno ptn aw nnpma nmKnn nK ’/ooaw .n 

.nyonn na’nno 20 sec 

ayi nyonn na’nno pvn aw nnp3i93 nn’non nK ’/ooaw .1 

.nyonn na’nno 20 sec 
lOsec’^woa *twio ioon aw’p9iK ma .20 
’39a nnooa moiyn ,3 kg nnoow na’n 
.nian naiy9 na’nn 
.nyona anno 10 N aw *pa’n nia 
.na’nn aw nyonn mw nK o’a’oa ’/iKn .k 
? nian naiy9 pva na’nn miKn ’no .a 
anian naiy9 npo9n anKa na’nn noiKn ’no .x 
ana’nn nyon n’aK n’ao’oaon nn’non ’no .7 
?na>nn aay’n nian naiy9 npoan yiao pr noa *jin .n 
7yi nyonn na>nno )otn aw nnp3i93 nawnn ^x nK ’/ooaw .1 

.na’nn na’^ya 

.na’nn na’sya 7y 10 m aw n>ap3i93 nn’non <pA nK ’/ooaw .r 
4m/sec i>o> yivaa 50 N aw ’p9iK aipw nia .21 

inn’noi 2 kg inwow <\\x ay aiy9a a’nno 
v 50 it .aKOW 111’aa 4 m/sec 

.<inn aw nyonn nan nK o’a’oa »/7Kn .k 
6 34 " 1VS ?«)on miKn ’no .a 

?<iun ayy> ,nian naiy9 nannn yiao ,101 noa 7 m .x 
2 m/sec nn’non n’nn ,nian naiy9 nannn yiao ,pr noa -jin .7 

ani’O’ 

nannn mipia 71 m non’ ,nian naiy9 nannn yno ,pr noa*jin .n 

anian naiy9 

ayi nyonn na’nno ptn aw nnp3i93 nn’non nK ’/ooaw .1 

.K^ion nnipia 71 m nai-na 


100 N 


6.33 ivs 
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nyun >pim mma - 6 paa 


anN 1733 .anwa Naom 4 kg moow <^a aw (pvai aan) nsiNim mo .11 


100 N 

A 


10N 

:tPN!in o>n^nn& 


Bp 

110N 

0 ] 

E 

wzzmm 

W///M////M 

WW/MM. 

wmmm. 

(4) 

(3) 

(2) 

(l) 


6.30 TPS 


may aiyoa amno awNa ,m>o> nyiap mamoa nyi 5 kg nnoow nam .12 
:o>Nan onpono anN aaa ,namn (jioinji in) im nji mo .ma 


5kg 


5N- 


5 kg 


5kg 


-*- ION 


(3) 20N 


( 2 ) 


( 1 ) 


6.31 TPS 

>i9a nmioa JiNaom ,3 kg nnoow nam ay aym 6N aw aipw ma 

.man naiy9 namji 

10 sec av ptn aw mspima namn nmNn aw <pAn jin >/oonw .n 

.nywm namno 

10 sec tv ptn aw mypima namn marno aw <pAn jin >/ooaw .a 

.nyuim namno 

. 2 m/sec 2 aw nmNJia <)na oan 3 N aw aipw ma 

T^nn jioo mo .n 
?o»aw >9 ^*ta> aipwn man oy <pAa nmn nmNn ipn .a 
?aiy9a p>o9> aipwn man oy <ina nmn nmNn n>N .a 
. 2 m/sec aw nmannn mamoo l m/sec 2 aw naiNna nyi 4 kg aw noo 

?noon ay aymn aipwn man mo .n 
? nyon aw 10 sec anNa mamon nmji no .a 
?30sec anNa mamon >no ,20 sec anNa 09Nno aipwn man on .a 
^ :yiap ma Nin manw nnma ,0’Nan onpoa Pyion aipwn man mo 
mamoo ,10 cm naiyw a>p *jaa miya o>no lOgr moow y>ap .n 

. 100m/sec mamoa 200 m/sec 

win N>aoi ,nnooa a-niyn 200gr moow anaa oyia aa» .a 
. 0.001 sec no’yan p* .10m/sec mamoa 
aw pt *jwoa a>pa yAi9 ,2 m/sec mamoa yj 200 gr moow ana .a 

.mamon nniNa anni , 0.002 sec 
. 20 m/sec mamoa nayo >9aa pan 2 kg moow ^ia .a 
. 20 m/sec aw nyiap mamoa An 2 kg moow <iu .n 
nowo ay 20 m/sec aw nmannn mamoa yi 2 kg moow <in .1 

.1 sec am ayyn ,>p9iN 

.1 m/sec 2 aw naiNna nayo >9aa om n> ay *jwoi 1 kg moow <^ia .t 


.13 


.ia 


.15 


.16 
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nvim >pim Aims - 6 paa 


xvom ,10 kg moov on 'W 5 sec *yvoa avi 9 100 N av aipv ma .22 
aw man avia lOsec av npoan anna .man naiV9 namn ooa nnooa 

.avp ^nnv av ,*pan iivaai mw nomva 
.nvirnn >navo anx aaa onn mmn n k o>a>oa yaxn x 
?o>aavno anx aaa noixnn ix nvixnn mo .a 
apvxan pana n>9ion mamon mo .a 
,)Otn av mvpiiaa nvixnn av <pA >/ooav .a 
pm av nnpuoa mamon av <pA yooav .n 
5 kg nnoov nam av avia 40 N av >poix ma .23 
.5 m/sec av mamoa ’prnx novo av nvm 
namnv na a>vana v> oon >paiK ma m>x .x 
?nviap mamoa voa o>von 
nvixna ^>xn namnv na ,namn av a>v£>na v> >paix ma m>N .a 
' ?12 m/sec 2 av 

nvixna 'pxn namnv na ,na>nn av a>v 9 na v> >pmx ma nrx .a 

4 m/sec 2 av 

noixna o>xn namnv na ,namn av a»vona v» >p9ix ma m>x .a 

?-2 m/sec 2 av 

ov iiam i’N .2 kg moov on av avi 9 F ma dna onvo nv>on 709 a .24 

.nnm owinn noo . 71 am maon maAaAn .novon 



6.35 IPS 



(5) (4) (3) (2) ? (1) 


6.36 TPS 


?o>avono anx aaa ma>no miv nvima om>v F man mo .x 
? ’x -a nxaov niano o>ov >9 pp man dx nmxim >no .a 
? ’x -a nxvov mano o>ov >9 am man dx naixnn >no .a 
ov av o>aao nviav nxao , m = 2 kg moov on av navoao oao .25 
Fi = 10 N ; F 2 = 20 N .i>av o>avi9n o»p9ix mma 
anx aaa noon av avion (p>ai aan) aipvn man mo .x 

?o>avono 



(3) (2) (l) 


6.37 IPS 
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nvun ’pirn mma - 6 paa 


.owan o’ason jivaaxo anx Paa Ppvo *i)'w xsoj 5 kg moov nu 2b 
ao’ason nvaaxo anx Paa , 0 ’omno mK Paa mnmon mo 



maa’on nswim .lo 4 N xm mPvo 'to Paaa mPo’oaon mnmon 
amo 70 kgf oPpvov o»vw noaP .1 m/sec 2 xm j i’PvoP namon 

?n’Pvoa hoot ia vommP 
noon Pv o’P’vao ,-pam yn mtoiv xm i>Pv novon )’ai m noo i»a 
aaoo noon Pv ontin .nPapnon nswnn iw o’nmoi ,F ’paw ma 
.ini’ Pm ’pawn man ova Pm avxa ,o»ova 
?’pawn man Pv mspjiaa nun 'to nswnn Pv n*un nxa’ asm .x 

?ipn via’v mo 

? X -n a’s ov *nmnn ivnpi mo .a 
?o’ov ’a nPm noo Pv <p>n nxai nm as’a .x 
a;onon f viap iiam ma v> naoiv xm vPv novon i’ai m noo yn 
nswnn ok omioi ,F ’paw ma noon Pv o’P’vao .nvonP 
man ova Paa avxa ,o’ova aaoo noon Pv o’ann .nPapnon 

.anv Pm ’pawn 

7*[vion man Pv mspnaa nun Pv ns wan Pv n*un nxa’ as’a .x 

?ipn via’v mo 

?Pipvn man Pv mspiiaa nun Pv nswim Pv ‘pm nxa’ asm 

?ipn via’v mo 

o’a’voa onpono anx Paa x -n a’s ov -pmnn impi mo 

?’a-i w 

Pompano anx Paa o’ov »a nPm noo Pv <p>n nxai nm as»a .a 
•lorn Pv n>spiiaa ,2 kg moov nu Pv Pvian Pipv ma Pv n*u ioaP 

.man nPiva nPmn oaP nnuoa xsoj nun 
Paa nun nvon nx o’P’oa ’/axn .x 
.nvonn Pv o’aPvn nvaaxo anx 
Po’aPvno anx Paa nswnn mo 
.pm Pv n’spiiaa mamon Pv <vu ’/ooav 
:anxP mamon mo 
15 20 (1) 4 sec (2) 12 sec 

111 1 ( :anxP pnvnn mo 

t (sec) (1) 5 sec (2) 20 sec 


.a 


.x 



.a 

.x 

.a 


.27 


.28 


.29 


.30 


6.39 TPS 
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fiyilft >pim Dima - b pafl 


ma .pm ^ rmpii 9 a ♦, l kg mt?ow <)ia ay ayian F ma aw <pA pioa .31 
na>nn 09 a nnuoa nsoa ^wn .nyuna aAino IN aw yiap *pam 
F (N) .man naiy9 

aaa f)nn nyun jin mama >/*ikji .k 
. nyunn aw o’aawn iiyanNO am* 
atmawno 7 DN aaa nyiKim ’no .a 
.pm aw n’ypnaa immon aw <pA vooaw .a 
. anaa immon mo .a 


6 4 - 


4 4- 


-2 r 


M UM 


15 20 

■ H- H -4+H-+4-H 


10 


6.40 avs 


Sf (N) 


t (sec) 


(1)4 sec (2) 12 sec 
:nnxa pnynn >«>w mo 
(1) 5 sec (2) 20 sec 


.n 






-- 

j 



-- 

I 



1 i 

--I 

t 

11 1 1 1 

l 1 1 l l 1 l 1 1 l l 

1 1 1 1 l 

It 

If t 1 1 

5 

II | 1 1 II | 1 1 1 

10 15 

6.41 avs 

1 j II 

20 


ay ayran apwn man jin nxnon <pA 709 a .32 


.nyunn >aaw jin o’P’oa ’/ann .k 
? f)un aw mnannnn immon >no .a 
?aaw aaa nmKnn >no .a 
? aaw aa *rmN\y pm mo .a 
immon aw <iaAn hk yooaw .n 
.pm aw n>ypii9a 
mnKa pnynn >u>w mo .1 
(1) 3 sec (2) 5 sec 


(—) 
(sec 


2 m nQp aa nanw mop 30 aw pan unborn ,iton nnoow mayon .33 
ypapn nopo maya namno mayon . 100 kg moow oao pw mio 

.nayo >9aa 

:nan <pAa maino pw aw n>ypii9a mayon immo 
, m \ .nyunn >aawo anN aaa nyunn rm o>a>oa >/*inh .k 
v l^ec) ?nmaya mayon ny>An nop mna .a 

?mayon naa> nop n’Ka .a 
mayon nosa na>y9ow >aoaun man mo .a 
?nyunn >aawo ann aaa ,pwn ay 
aana mnmon hk annon «pA yooaw .n 
.pm aw mapma ,mayon hk Nwun 


4 ... 


2 4 - 


-2F 


-4 



t (sec) 


6.42 avs 
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nyim >pmi mma - 6 paa 


yAoa na’yyn pi .1 m ao ram nnuoo noyna amo m>aooa9 on .34 

.0.1 sec Kin ypapa 
aypapa nvnan ma>no >no .k 
? naayn pta noiKiin >no .a 
aniKa nanyn yAao ,pm av n>apnaa ma>non pA nKai as>a .a 

aypapa mmon na>yyn ayi 

aniKa nanyn yAao .yarn 'rtf mspaiaa nsiKiin pA nnai as>a .a 

?ypapa mmon na>yyn ayi 

aymon man .nPyo >aPa ma>o> oaK a>o npao 250 gr nnooo pK .35 
.5 N -a niwi yiap Kin o.lsec *rooa aa may 
?pKn ao npnm mamo >no .k 
? pKn ynn amo nK>y>n naipio nan nt>Ka ay .a 
nnuoa pKn m>no ,pm ao mspnaa nsiKiin pA nna> ay>a .a 

?nyiMin ao nann k’o ayi a>a 



2 kg 


W/M 

3 kg 

W//M//M 

1 

mm 


6.43 IPS 


.’paiK novo ay nnno B= 3 kg nnoov na>n 
.A= 2 kg nnooo noo nam nmio na>nn ay 
,moono nnK aa ay oPyian ninian ono 
:o>Kan onpono anK Paa 
o»Jis>n mnia moon ay oPyia kP .k 
.> aoa«n niaPi oPpooP ono o’aoo 
.miPyn noon ok nPyo >Pa *roio ion Po >dik nia .a 
.minnnn noon hk nPyo >9Pa 7010 ION Po >aiK nia .x 
.naiPyn noon ok noo >oaa pin 10 N Po aiK nia .a 
.niinnnn noon ok noo >oPa pvt 10 N Po >aiK nia .n 
mmio on moon ok ’n-’K o>Q>yoa maionn mmoo on ana .1 
?2 m/sec 2 Po nyiap nsiKin nayo naiyn mPyoa 
5 kg wooo <in ay ay ion aipon nian Po pa -pioP 
.nnono inyim a>nno <inn .pm Po mypjiaa 
.nyonn aPo jik oPoa >/aKJi .k 
anKa nsiKim >no .a 
12 sec (3) 5sec (2) 10 sec (1) 

? 18sec (5) 20sec (4) 

anKa marnon mo .a 
12 sec (3) 5sec (2) 10 sec (1) 

7 18sec (5) 20sec (4) 


a noa 
36 



t (sec) 


pma»K piKa , yoono 
napiiaa mnmon pa dk 
. pm ao 


.a 


.37 


6.44 TPS 
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nyun >pim mma - 6 pis 


\wonn Kino ov9 Paa .nia’p no i’a ,pPn nan reran Py p’Pnn yaon .38 
Po won pt .nPaiA wo kPP ,inwnn pm dk mon Kin a’pa 
.T Kin no nspp aann Po *rnK nypn nynnn pn t Kin nia’nnn 
?prn Po nrapma nn’nnn fpA nK*ii ann .k 
? ptn Po nrapina nuiKJin <pA nKai nan .a 
man Po nymn pt .n<rann Pyn 4 m naua nnnnn P9in ana .39 
VA9 na nwnnn nniKa nPiy Kin vanKPi , 0.1 sec Kin ypapa 

.rerana 

VAao nyonn nPon anK Paa anan nown ik jiuikd >nn .k 
? nawn K’oP ann Kin ia yAaP ayi nanyn 
>aPon anK Paa ,prn Po nrapnaa nsiKnn <pA riK ’/ooao .a 

.nynnn 

nPon anK Paa ,prn Po nrapma nia’nnn <pA jik ’/ooao .a 

.nynnn 

70 kg oaKn non .90 km/hr Po nyiap manna nniana Ann oaK .40 
nanPn nKsina .20 cm mnn p oaKn pnan .700 kg nniann noni 
yAan pt nna im .nniann Py 1400 N Po *pa’n na Pyn o’nPan Py 

avnPo nAna oaKn yA9> o’nPan Py ns’nPn 
Po naiKna nPiy n’Pynn aoKa .n’pyn *yina iPpon ok aain oaK .41 
aanin Pponn aoKn 40 kgf -a PiaA Ppoo owKnn o’Kan 4 m/sec 2 

. 2 m/sec 2 Po nyiKna naav n’Pynnoa 
7’n’OKn iPpon inn .k 
? i m/sec Po nyiap ma>nna nPyn n»Pynn ok owKnn iKa> nn .a 

.n’Pyna nKunn kg-P o’P’iann owKn Py nnnn 2 kg Po non .42 
,n»pynn napnn oina nnPn 1 kg Po non 
oina mn>nnn »nni owKnn wa» nn 
:o>Kan onsnnn anK Paa 
.nnona n’Pynn .k 
. 2 m/sec Po manna nPiy n’Pynn .a 
. 2 m/sec 2 Po nawna nPiy n>Pynn .a 
. 2 m/sec 2 Po nawna naav n’Pynn .a 
.yapi n’Pynn nK pnnnn Paan .n 

6.45 TPS 

a .nniap nap’np oina naiop 2 kg Po non .43 
—► n’wa aiaan noio ,ns’Kn nniapn aoKa 

,*pKp a 

?nainK omn noio yian .k 
?a nniapn nuiKn 1 ’aP tg(a) in nopn inn .a 
nuiKnn fpA »nia’K piKa ,nKai a^>a .a 
?n’oon mm tg Po nrapma 

6.46 avs ?<iaAn yi9’o inn 
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nyuft ’pirn mfttt - 6 pna 


IttbNVb fiinwffv 

SF=0 .3 N = 39.2N ; mg=39.2N .X .1 
SF=0 .3 T=1.96N ; mg=1.96N .X .2 

SF=0 .3 N=9.8N ; mg=9.8N .X .3 

SF=mg=9.8N .3 mg=9.8N .X A 
a=5m/sec 2 .3 SF=10N .X N = 19.6N ; mg=19.6N ; F=10N A .5 
a=0 .3 SF=0 .X N=78.4N ; mg=78.4N ; F=20N ; f=20N .3 .6 

a=-2.5m/sec 2 .n 

a=0 .X v t = 20m/sk: .3 a = 4m/sec 2 .H .7 

(3) Sp = mg (2) SF = 0 (1) SF = 0 .X .8 

(3) a = g (2) a = 0 (1) a = 0 .3 

(3) >^70*113 m3 1’K (2) N = 0 (1) N = mg .n 

N=29.2N (4) N=49.2N (3) N=29.2N(2) N=39.2N(1) .9 

N=34.2 N (5) 

a=0.4m/sec 2 (3) a=4m/sec 2 (2) a=2m/sec 2 (l) .10 

a=0.83m/sec 2 (6) a=4.33m/sec 2 (5) a=lm/sec 2 (4) 
a=12.3m/sec 2 (3) a=7.3m/sec 2 (2) a=9.8m/sec 2 (1) .11 

a=15.2 m/sec 2 (4) 

a=0 (3) a=-lm/sec 2 (2) a=2m/sec 2 (1) .12 

a=0 .X a = 4 m/sec 2 .3 m = 1.5 kg .K .14 

v t = 22m/sec .X v t = 12m/sec .3 SF = 4N .K .15 
Sp = -400 N .X Sp = 2000 N .3 Sp = -1500 N .K .16 

Sf=lN .* Sp = -40N .1 Sp = 0 .n Sp = 20N .3 

N=3.2N .3 N=19.6N .H .17 
a’=98m/sec 2 .X m=lkg .3 m=lkg .K .18 
f a=33.3m/sec 2 .3 .nnmn mw *p inNi nsiKn niw lOsec .K .19 

v t =333.3m/sec .3 a=0 .X 

.nnnjy^ 3y noinn mw *p nnm nswn mw lOsec .h .20 
t=90sec .n v t =300m/sec .3 a=-3.33m/sec 2 .X a=30m/sec 2 .3 

rraiKn mw 13 nnm m>^yt7 3y m>o> nmxn row .« .21 

t=0.32sec .D t=0.24sec .3 t=0.16sec .X a = -25m/sec 2 .3 

.mnofr 3y doikji -j3 nnm im>nn row lOsec ,nsnxn row 5sec .x .22 
v t =50m/sec .X aj=10m/sec 2 ; a 2 =0 ; a 3 =-10m/sec 2 .3 

F=-50N .3 F = -20N .X F=20N .3 F=-40N .X .23 
m>xnv F=19.6N (4) F=0 (3) nt>yn F = 19.6N (2) F=0(1).X .24 

F=27.72N (5) 

non a=4.9m/sec 2 (4) a=0(3) non a=4.9m/sec 2 (2) a=0(l) .3 

non a=4.9 m/sec 2 (5) 

a=0(3) nt»yna=9.8m/sec 2 (2) a=0(l) .X 

n^yn a=9.8m/sec 2 (5) n^yo a=9.8m/sec 2 (4) 
SF=22.36N a=26.56° (2) nt7Xn\!> SF = 10N (1) X .25 
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nyijn >pim mtm - 6 jno 


£F=14.74N <*=106.32° (3) 
a=11.18m/sec 2 a=26.56°(2) ntmnw a=5m/sec 2 (1) .3 
a=7.37 m/sec 2 a=106.32°(3) 

T!=28.3N ; T 2 =56.6N (2) T=49N ; Ti=T 2 = 34.65N (1) .26 

Ti=163.96N ; T 2 =133.87N (4) T!=T 2 =49N ; T 3 =69.3N (3) 

n = 13 .27 

(0,0) .3 1/m Kin <Vttn yi9W N .28 
(0,-f/m) .3 1/m Nin yi9>v .N .29 

.frown mw ,nn>no ww mw ,n^wn mw .k .30 
ai = lm/sec 2 ; a 2 =2.5m/sec 2 ; a 3 =0 ; a 4 =-lm/sec 2 .3 
X5=12.Sm ; x 2 o=231.25m .fl v 4 =4 m/sec ; vi 2 =17.5m/sec .3 

.frown row ,frown mw ,nswn mw .nswn mw .k .31 
ai=lm/sec 2 ; a 2 =4m/sec 2 ; a 3 =-l m/sec 2 ; a 4 =-3m/sec 2 .3 
X5=12.5m ’ x 2 o=262.5m .fi v 4 =4 m/sec ; vi 2 =23m/sec .*f 

v o =0 .3 .nswn mw myun vftv .h .32 
a i=2 m/sec 2 ; a 2 =3 m/sec 2 ; a 3 =l m/sec 2 .X 
tj=2.5sec ; t 2 =1.67sec ; t 3 =10sec .3 
X5=27.4m ; x 3 =9.125m .1 

,nmio (4 ,n!>yo rrown (3 ,nwno mw (2 n^wr (l .k .33 
.iron rrown (7 ,nn>na mw (6 ,rroo nswn (5 

ypnpn rooip .x 20 noip .3 
Ni=N 7 =1060N ; N 2 =N 4 =N 6 =980N ; N 3 =N 5 =900N .3 

a=44.3m/sec 2 .3 v=4.33m/sec .K .34 
h=0.204m .3 v=2m/sec .N .35 
i^pvo D'anriQ 3fw P3 Py byia onpon .o»3i>n npyo nitron .36 

:oooun mnian .noo 

A:N ba =19.6N B: N ab =-19.6N N ob =49N H 
A: N ba =9.6N B: N ab = -9.6N N 0 b = 39N .3 

A: N ba =19.6N B: N ab =-19.6N N OB =39N .X 
A: N ba =29.6N B: N ab =-29.6N N OB =59N .3 
A: N ba =19.6N B: N ab =-19.6N N ob = 59N .n 
10N-3 t?3A N ob 4N-3 0'73A N ba -1 N ab .1 
;a 2 o=0 ;ai 2 =0.8m/sec 2 ; as=0.4m/sec 2 ; aio=0.8m/sec 2 .N .37 

ais=0.32 m/sec 2 

Vi 2 =5.6m/sec ; vs=lm/sec ; v 10 =4m/sec .3 
Vis=9.68m/sec ;v 2 o=10m/sec 
ai=9.8m/sec ; a 2 =-177.1 m/sec 2 ; a 3 =9.8m/sec 2 .K .39 

t=0.447sec .40 

N=65.3kgf .3 m=65.3kg .N .41 
Ni=N 2 =2kgf N 3 =2.41kgf ; N 4 =1.59kgf ; N 5 =0 .K .42 
Ti=T 2 =9.8N ; T 3 =ll.8N ; T 4 =7.8N ; T 5 =0 .3 

g N1D ^3Afi yow .X a=g-tg(a) .3 .43 
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o»oia» niniai oim niaayo - 7 pao 


7 pna 

trona flimai tror *iiD*iy» 

N110 7.1 

mya by ntn paaa apym ,)i©io ’pin mnbv nx oaipn pa9a mam© anxb 
imp) b© niawnn xm myan ,o*npn pa9a moo oobynn© n©p nnx 
naayo bao omt o’xm o’pinn oxn .11010 >pm onto) moo nwin 

?nt oi© b© niyo©on mo ,xb oxi ?xm© 
,n nbx© oy niaaionn xbb oa poio ’pin natya m>ya ain9b po iiap’ya 
.yioio ’pm b© nbbian manb nai©n it nbx©b nai©nn b© man Pan 


oin» romyo 7.2 

.nmx aiaob na nmo naayoa o’©on©o .noooo nyaw n©nano a©xa 
nmx aiaob po Nbx .nymnn nx aiaob po na nnx nano naayo pa i’H 
jin amai .naaom nyamn pai nanon naayo )>a now o»on> o’asoo 

moAia natya mnan 

ycmn oaN >a> by nbyo ’aba nia’©’ npatm px b© nyainn by banco 

.nyiap mamoa nym noiaoa 
’9ba maix npnra npau pxn ,noiaoa nx^oin nano naayob on»a 
pxn ,©nan nna nopioon nano naayob onn .a©’ ipa nyi xmi nbyo 

,’biaaa bibooa nyi xmi noita npaio 
.now nixsin mxao nui©n nanon niaayo m©a i©yi© nianon 



uraan nnn ran rrronn linn ran 


nbun ’aba ipan ji'ktj ,numj jpjrann nbim imam i3« war :7.1 ars 
.( a mpn) iiman asn nrann nuaium np’aiai pi* mpn) mrann -pnn .Tmnn 


manon© xm na’tm ©m» naayo nxapi nanon naayo nano na naayon 
.nanon naayob omn pai *yx p naaom nyamn b© 


?no©no nnx oin’ naayo bnao no 
.niaayon >n© i’a monm nyonn 
noAiaa ox) .nnx naayoa ma©m n>on> nyon po»a )»x© niaayo m© 
.(nnx con> naayoa ma©m i>n p ©nan non nano niaayo >n© im ob© 
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o>nn» nmiai oin> maay» - r paa 


anann na>on) 0010 owP o>pPno t>in> niaayo >nv )n n>on>n nyunn nN 

.(oyo aiy 

t?in> niaayo ninapi up on>a it nyiap niarnoa niyin oin> niaayo 
niyi in) itP t?n>a it nyiap niamoa myi p>Nv t?m> maayoi ,m>PNonj>N 
nP oin> niaayo niNapi OtP t?n>a it nmvo nswn in nyiap nuiNna 

.M>PN>ynj’N 

n>PN>mi>N ©m> naayoa ©m> naayo Pw n>9’H9© niian Py aaaP Pam> na 
naayo naaAin ,nov oin> naayoP nnNiivna *piu nPP ,n»PN»mi>N nP in 
N> n it t?m> naayo .©in>n niaayo aNw jin oniwo n>PN© nnN n>PN>yai’N 
,it naa*n >9 Py ,o>oow o>aaian .o>aaian Pn naiwpn ©mm naayo 
©n>a nyiap niamoa nym oin> naayo Pa .nyon nPP ,n>ooo om> naayoa 

.n>PN>yai>N oin> naayo N>n it naayoP 
ti>aaiaa nyiapn ©inm naayoP on>a mwPa nuiNna nym oin> naayo Pa 

.n>PN>mi>N nP ©in> naayo N’n 


©n>a nyiap niamoa nyi in nnm nano naayo Pa - n>PN>saj>N naayo 

.o>aaiaa nyiapn nano naayoP 

naayoP ©n>a nsiNna nym nano naayo Pa - n»PNoni>N nP naayo 

.a>aaiaa nyiapn nano 

,n>PN>aaa>N nP ©in> naayoa avnmP ymn ana aioN nm ,it naaan >9 Py 
PaN .wown a>a© iaia>© apyi vm a>a© iaia>© apy nsiNn iP w>w iinao 
pNn aiaaP orpmnP ino ,pNn ana >19 Py o>wnanon o»opa9 o>aauP 
.nmw ©m> niaayo n>PN nnwnPi nn>o n>PNnai>N naayo PNa 
naayoa avnm ,nyiap niamoa nyoim noiaoa nNsom nano naayo ,pP 
awnm ,nyiNJia nym noiaoa nNyom nano naayoi ,n>PNona>N ©in> 

.n>PNnai>N nP oin> naayoa 

ji»bN»^*w»N Kb maavoa o»ono Aims 7.3 

pina vio>wa ^iyi m>PN’yaj>N nPi ni>PN>sai>N oin’ maayo i>a Paann 

•lioio Pv own pmm iiwNan 
>pina wonwnP po ,no>ioo niwnann Py o>PaJioo na oin» naayo Paa nP 

•lioio 

:no>ia natya itn naiwnn naaiyn nN w>noi 
nayiyi ,w»aaP on>a nyiap ma>noa nyin noiaoa yonn oaN Py Panto 

.ni>oiNn9a 

?yiao ,no>ap oaNn pan n>naon Pw n»oiNn 9 n na>yyn 10 nN^ina 
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o»onn mrnai oim maayo - r pn 



uraan ■'T’Hn rrnann Tint] 

.uraan msn jpjiann Tim nun imp jo idt Piij irnwra na’sii :7.2 avs 

Po moiHH 9 n nanyn ,o>aan ma nH^ain trrnn naayo Po noao mipjo 
ponan pinn >9 Py .oann Py npy 9 HP ,(vPy ma nPy 9 no nnsuia) aaan 
nr napoa - oaipn iasoa *j’ooo mnia vpy o’pyi 9 hPo <iu ,11010 Po 
hPh ,nonp paro HP oanno ,moiH mo .ao> ipa nyiap ma>noa nyon 
oapnn n’Pn pnm ,nonn nnr noiyp noiaon < nyiap rnamoa yoP *i>v)on 

.nonp oann 

£? = 0 =>5 = 0 :poio Po |Winn pinn pp o”pma 

nnai ma ow Py 9 HP ,noiaoa nnyoan titno naayo Po noao naipjo 
.nonp mnnn oann Pa>p mo Paa Pan ,nonp par>nP 07HP oa^o nonp 
£? = 0 ; 2 0 :poio Po oon pinP naoio ina o’ 

H>n ,vy>aan nm nation naayono *jaa Hin oirnn maayo pa Paann 
nanon naayo iP’hi .mPnoni’H tnn> naayo pPi nnooa nano naayo 
.mPnoni’n HP 01m naayo H>n no>non noiaoa nnsoin 

:pp H>n mpoon 

.m’Pnoni’K 01m maayoa pa G>o»pno poio ’pin 

vpy Py 9 hPvi *yaP ono’ Hin onn .naaiy nnr .nonp pan oann ,Pan 

?ma 

,nia afjao a^n O’ ma PaP ,nPiy 9 P aipo omP ino na ny 9 in Hin ma 
Hin iniH niaP aipo onn Pia> hP noiaon *rina nsom oann .map naun 

,’moH ma ooao HP Hin ppi ,ooao 
Paa 11010 ’pin nn o»pP paani ,nia nsinn PaP onvo ia Pvinn ,Pan 
n> Py ,ma nPiya Pna nyomn Ph o’on”no po iaP on* ,H’no naayo 

,o”p hPo ma nHuon 

Hin oPiao aaioni .noiaoa oann ooao nniN nyainP ono o>aa moo 
iao pa yao Hin .”>moH” nia o’h nr ma oPih ."naonnn nia” 
.noinna nmno noiaon lino nnoyi onanon Py mPanonno 
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onaito mniai ow niaavo - 7 paa 


mno bo ,anv ivbba nv*9ir> bo am napo N>n "naonrm my nvam 
aaonn on NbN ,o»ivok mnia ovh on nbN ,”o>ono mnia” o’aapin 
’pin ov na>nob (nvixiia naavo) n’bxnavN xb ow naavo *rmo pon 

• IIOVA 

nsixn mnnb n’bxnavx Kb oin> naavoa pion aaonn - nono nia 
.nb oann nia niNVo’n xbb it naavoa 


bo oon pinn nixnoua oio»o mm nonon maa oio>on nx wav a’aoi 

.lioio 

.Ji'inp mpno oina vbn m wooo ana ia napo bv banoi 



noio , a nvixna nv>xo noiapn aoxa 
livab *ji9n iivaa a rvnta anan 

.nv’oin 

oa tto’H omn n>oo bo it naaiv 
oai .noiapa nxuom nano naavoo 
ava ,nnuoa nxvom nano naavoo 

•laan 

maavoo Jinx baa avon oaaiv av>a 


?na»aon 



.jp’Hrsuvi imim ’juj mn UTipjn .w .mm ■■Vjji tttd : 7.3 tps 
.jisHin rnnun *2 qj uin impjn .1 

.iMnp^ Jinpvo&n nPnnn^H ttnyon nson nwxi ^>nm 
s? Y = 0 :o dkV rmw mniDn bipv pin nsiKft )>k y pirn 

T*cos(a) - mg = 0 
T-cos(a) = mg 

Efx = m-S :pbi a Jioiapn nvixna vi anan x iivaa 

T-sin(a) = m-S 

.nvixjin iivaa nvnb a”n jvnian bipo .oina n>oon navu viao inao am 
.nvixjib oawn nian nx p 9 oo oina nin>non bo a>aa pbi 
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o>»n» mmoi ww mooyo - 1 poo 


wPnwph Nbn vwptt miyoo nNtiojn mno nooyo bv> oon imp jo 
liioov ira .bpwo >nw b\u o:*no onon n^oj ,n>jnpn -jino nopioon 
mw mnon biprw poo ,0 on .oino mmnon p yoon no lOy byo nj>o> 
bpvo >nwo\y iyion 11010 tw iwNon pinn by oiowb oon oni .oaNb 
nyavn nN boonn Fi <pu no Nonnb oo»n ,©aNb mw mnon bipv 

.nonon non mr .oinn mrnno bv >paiNn ooon 

sfx = 0 :N>n X ooo mnon bipv nNiwo 

T*sin(a) + f i = 0 :bopj poiopii mood Fi-b noon hn owoj on 

:Nin nonon nono poo 

( 8 . 1 ) 

nohyon bnpnno >ioob mbNom’Nn noiyan bopnno noon jo niwi on 
p nNiwon n*oy nonon non vnow n> byo nNU n>bNO*u>N Nbn 
S?x = m-a :noon 

SFx - m2 = 0 :noob 

.F] nono no ob v> mbN>mj>Nn noiyob ono a nyiNn oipoo oono 
p’j no noon Nini ,*oobNO )np>y N*ipj m-2 >ioon bo o>aANn *oyo 
mo natnn m by rPn'in'K Nbn nonyon p nyainn nniN by bonoob 

.nsiNnn biooi nono 

,nonb momana non .ntonnn ho bo *tno nown mono ob owb own 
on>w ip*ir> on nu’No nooo 700 no> Tbn moo on .bpwon 100 pi no 
*wno nyiNnn nniN nN o’Oopo onovw 100 pmo ,nyiNnn nniNO pirn 

.noAio noooo ooaip on 

no non nN oow onNb oioyj nonon nom bpoon 10 o”pn Ooon by) 

(.000 nooi oonn non 10 Ooonn by oioyji moon 

bob .bAyoo *\w bo nyon pro o”pn ,<)oij nono noo oaon pyono bpnn 
no vby byiao nv/Aon v> (nononoo own *rb’ 100) bAyoo oomooo >0 
pmoN no u>n Nini pbAianon no Nopj nr no bAyon p mnnn 11100 
.nr no bo imyooo byi innsivnb mown by rN oioyj .nono no NbN 

ituw m’bN’^oj’N 01 m nonyo fi *i\ypn 7.4 

.nmo>no no moo Nbi mbNom’N nooyo boo o>o»pno iioni >pinw u’no 
nooyo ^oo o>nr on np’joon >pm\y nownn mpoon nN pwnO p>j\y *jo 

.nONOOJ’N 

:>n 7 >Pa Pv mono inp>y NOpJ nr inp>y 
n» 7 N>um»N om> nooyo boo onooo o>nr on np>joon >pin 
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o»»no ninni oin> jmiyo - 7 pia 


yyil? >n> Kb ,oiok rm fini ksoio o*tkv K>n ntn )np>yn bv niyovon 
pi’io ,nynp Jin>noi ik nnooi kso 3 kid ok ib *pa>v ,invbi >100 
p*1 .irb on>i it nynp nn>noi own nniyon bn omt npoion >pinv 
,nifiK nmo nnyob on>i y 3 kid ok nyib bn> kid pbnno minora 
ok ynpb biv Kbi rnnyon pi n>on>n nyunn hk p*1 oki> Kin tK oai 
nnyon by binoo kid ok ib> 9 Ki .*T 9 >nb ik ,nyi novo roiyoni *roiy kio 
ynpb bii> 13 >ki ono’i n>on>n nyunn hk p*1 okii Kin omiii nynpn 

.nynp mi’noi >oi nonai >0 
.n>on> jni>na K>n nn»no bn nobmo nn>no pb pk 
om> nmyo >nvi o’Ksoin o> 9 is ov onoiro jik onivo imt bn iy>i 

?itb onn it nynp nn>noi niyin m>bKon3>K 
nnomoiio niKipin nnomoiio niKnom mno it nbKvb nnwnn 

.’Kb’bA 


>Kb>bA nnoiiaoiio 7.4.1 
miym Kyom ov 09m M nb Kipiv miyoi Kiam iok 0911 by bmo3 
bn onnn nnyo ok opoi .M miyob onn v nynp nii’noi nym M’ 
•M-b onn M' bv nyonn pirn Kin ,(bvob X) onnn *rnKv *p ,miyo 



1 Tb Dim it v nrpnm miun JirbN’su’N oitt mnim '•nui : 7.4 tps 

mnon nmyo >nv bv onon rt’VKi ksoj ,intn mno iovkiiv noi 
nmyo >nvo P >nvbi nnp3 bv oip>on by binoi ok .n*np 3 n ohiki 
, oin>n nmyo >nv pi ion n>n> Kb z-i Y on^n nimiov nn ,oin>n 
v-t pmo mjjvn noiyon >nv pi nynpn nivnon bbAi x in n3>mo biK 

.x’=x-v-t :ivpn iyi3 
:pb Kin nupin 'yv o’oonn pi ivpn 


x’=x-v-t ; y’=y ; z’=z ; t’=t 


( 8 . 2 ) 


.m'yftx ji>yo*i 190310 n’Kipi ir n>yoi 190310 
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o>ono oimoi om> oiooyo - 7 poa 


oinia noKoio onn nmn* msooiawoon oiKnoo nio>a *TPno:i unim 
pm ioik ok omio own oiooyo moo o>aisno nrnnn K>m mPKO 
o>oko ooko) 00003100 onPo ooiyono yxoo .nonon oPmoo <iPmn 
ik .*t>oo 00003100 ioko> on >on (noip3n noiKo okso3 onPo onw 
oionyon PoP iio 3 n ,»Pooooik ,*mK pr o»po own ,nionK o>P>oo 
.nonon 00*13100 oPo o>k Kim ,oi>PKmo3>K KPni oi>PKon 3 >Kn 
o>ooik>o oa mi 03 kPo noPAon ,11010 Po npooon o>ooo oooiyn ,ir nmn 
1»oy nmnn ,Pok .i»oo3»k Po o>ooan oiomn omo ooaooo ooi>03 oai 
.*iiKn oiornoP on’o 010103 oioomo in o’aiAn ni>n>no ooko noioi n 3 i 03 


?oi 3 ion oimn oiooyo mvo <iia Po oiornoP *no 3 n *y*ivn i>o oopn mo 
oimnon onoo okojoP no wan *pon poynn >ow Km oiomono pioo 
: oionyon >000 poynn 03 w Py P0003 ok .poynn onoo oooa h> Py K>n 

Ax’=Ax-v • At 

:Pop 3 At, -0 nKiwo Po pPmi 

Ax’_Ax vAt 
At ~ At At 

.momon oPopoo At -»0 10 Pioao 
K m oionyon i»o o’onm onmoni u Km M nonon oonyoo <iia nvimo ok 

:Km M’ oonyoo ortosn niomono >on ,v 


u’= u-v 


(8.3) 


,mw oiorno Km oinm oiooyo >000 ooomo ^nn oiornoo K>n mpoon 

.01310 1 K 0 O 3 O < 11 An oip>o Po 0103 ’OOIKIpn 100 
momon >i 3 ’o i’K >o) nnr Km ottoao nmKon ?noiKoP yxoo no ,Pok 

:(Av=0 oionyon mo i>o omnm 


S’=S 


(8.4) 


n^iKono n 3 poon ,noiKOi mo i>o nopn ok o>okoo 11010 >pmo pvoo 
onK’oo mpoon ouyo Km ooPK’onim 01m oiooyo >000 nnt o*no 3 n 
oonyo Poo Doom omt on npooon >pmo ’kP’Pa Po oionm iiop’yo o*tip 

. 0 >PK 0 n 3 ’K 
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o>on» Jiimai oin> ainyo - 7 p*ia 


pan oi3»o 

orva nmap nn’ntan nyjn om> Maya n>d n>bN>:nj>N aim Maya 

.o>aam nyiapn oim 

Maya^ ama minm nym aim Maya N>n mbN>aaj>N up aim Mayo 

.o>aaiaa nyiapn aim 

mbN>sai>N aim Mayoa pa o>o>>pno iioi>i >pin 


:>n*>*a 'y'o niamn pap>y 
.mbN’yai’N aim Maya *aa oflim a>nt an np’jaon >pin 

a>nan a>ona ninn a>o»p m*K>saj>K h*? aim Mayo ba eaa naipio 

>pino moan jin a>aan* 

Fi = -m-3 :novron man nnau 


it v ma>noa niyin ni>*N>:m>N oim imayo >na )>a msoaiaajao 

:im«a* «)niaon x-n a>s by irb ama 
rniojnaiNipn msoaiaaiaa 


x’=x-vt ; y’=y ; z'-z ; t’=t 
u’= u-v 


:jita»nan imnaaiaaina 


:n*iNfln msoaiaaiao 

S’=i 
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o>ono nimai om> maayo - 7 pia 


snbuv 

,oDia aaano nyoa nonp pin ,naan Naojn o*tk yno >/naon .1 
mayo naayo Do oao mipjo ,^>ko aaano nyoa minx pnm 
.aann *imi nnaoin mnn naayo ni>naoi ,o’iaD mioan 
nap’nD .2 m/sec 2 Do nyiap nawni nDiyn n>Dyo *jiro xaoi oik .2 

.2 kg Do noo nniop n’Dyon 
nmo mno naayo ni>nao noon py o>Pyi9n noon ono m 
? n>Dyoa nxaoin mno naayoD onoi ,n’DyoD ^wo nxaoin 

?mnon niaayoo nnN Pd nD ,oina nimnon >no .d 
? mnon niaayoo nnN Pd >aP ,aaian wwn >no .x 
oma 2 m/sec 2 Do nyiap nainna na’xon noiapp nwu 3-9 niDNo 
Pd dm mnaP o> .4 m/sec K>n o’ddP on>D nonpn nia>no id vadd ,o>aaD 
oma nnooD moiyn mnyon naayoa mia Do oDon nmpio niDxon 
-pna Naoin n<na Do oaon nupioi ,o”n>OK mnia nam nnn ,o’aaD 
.own mnia mm nnn ,mDK mom nnnoa ndou noiapn 
.1.5m nnaui 2 m ninia ,3 m naaiK :on noiapn no»o 
.pa oin nam noiapn napmo >iDn 1 kg mooo dud .3 
?*p«n i>ai aiaan yy n>mn >no .k 
?<^ nn Py ci’Pyian mnian ono .d 

.noiapn nap’no pno dud a 
.aiaan Do nyunn naia dn vdnd .k 
?< pn Py o’Pyian noon ono d 
anoiapn n9ana aiaan y>a> pt noa Tin .x 
.3 m/sec Do nia>noa ,noiapD mom ,nPyo >aPD nia>o> pan ana .5 

.man Do nyunn naia n« vnxn k 
?< inn Py o’Pyian niman ono a 
?mnapn naanP -man anm yox noa Tin .x 
,ypapD mom 8 m/sec Do n>nPnnn ma>no Papo 4 kg mooo ana .6 
nnaaa Py , nonpn Do nainnn pvaa , nonpn Do ninnn napa 

.noiapn Do npPnn 
.man Do nyonn naia nn Vann k 
? aiaan Py o>Pyian niman ono .a 
anoiapn Do >ainNn ik >oa>pn piaD man yo> pt noa im .x 
pun taaoa ,8 m/sec Do n>nPnnn niamo Papo 4 kg mooo ana .7 

Do namnn pvaP ihko p>aa .noiapn Do n>Dnoon n>a>an 

.noiapn Do npPnn nnaaa Py .noiapn 
.anan Do nyonn naia nn >/a«n .k 
? anan Py o>Pyian niman ono .a 
Pnyuiin nP>nn anKP 0.lsec ,noiapD on>a ,auan nao> p»n .x 
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o>ono nwravi?ift> imnyo - r pna 


.nonprt 'pv >o*T>pn nupy torn mivp 4 kg nnt?o\y n©9ip .8 
?nmnpn t?y o’>yi<m mnnn inn .k 
? oin3 mnmon mo .3 

otompo on>y mt>y3 nv^K>2ni»K oin> nmyo >n\yi> nwu 9-11 nit>N\y 
nynp nnmo3 nyi M’ nsnyon .t=o pn rna^no pbv on’sn n’vmnv 

.x-n *i>* p>33 M n3iyn^ n>t>n> 5 m/sec 'jv 

.(x=l,y=0,z=3) no3>*niKip3 nKSOi M nanyo^ on>3 nn>>3 rmpj .9 
?M’ omm n3*iyo3 frnpm 'pv mconniKipn po .k 
?nnnmo mo h'p oki ,ii n3*iyo!7 tm>3 nn>o Km OKn .3 

.x iivm 4 m/sec 'pv nynp nnmon M n3nyo3 yi .10 
?M’ nanyob on>3 wnmo mo .k 
? nswn3 IK nynp nnmon yi nK-o Kin n nnnyon OKn .3 
ION 'pv ynp >paiK nn n> by M nnnyon >{Kio 2kg wt>o\y <) 1 A .11 

.X nn 11V33 
?M’ nnnyob onn <inn noo mo .k 
?M’ nnnyon n*rom nnn mo .3 
?M’ D3*iyo3 imom nmKjm mo .a 

mbN\yb jrawn 

g=9.8 m/sec 2 ; g’=11.8 m/sec 2 .A .nnnyon >nW3 T=23.6N .3 .2 

11.53° .K .3 

Ji»vam nb>93-nonp .n>ps>iK npnt-nnnyo .k a 

nnnyon >nvn t=o.55sec .a 
nniK npnt-nonp .nysiwo npnv-nnnyo .k .5 
nnnyon >nvn 1=0.61 sec .a 

noiKn nnv> nyon-nonp .nnrno mw nyon-nnnyo .k .6 
nnnyon mw3 >on>pn prrb t=i sec .a 
.nbnna-nonp ,niy> ip-nnnyo .k .7 
nnnyon >nyn - nb i>o>o o.8m ; npntn nmpi nmKO o.4im .a 

nnnyon >nvn t=8N .3 .8 

v=-5m/sec nmpm nnmo .3 (x’=l-5-t,y’=0,z’=3) .k .9 
nyi 3 p nnrno .3 v’=-l m/sec .k .10 

a’=a=5m/sec 2 .A F’=F=10N .3 m’=m=2kg .K .11 
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T»’nn - 8 pna 


8 piii 

limn 

Nlltt 8.1 

avo *wk nia Kin oia>nn nia .*pa>nn nia ,iko awn nia ntn pnaa maa 
Kin >av Tj»i ,ta>aw aw np>nvi nunaK mm *ivi>n amo o*iw nnno -thk 
. maiaoa vioaa ik ,mw o>aia> ia>n kp mvaa >a *tko awn 
OKIbKD 0>VVT> K^7 ia>3N1 ,TKO CPaaiOQ *pa>nn nia 'yV D>Kt70n O’OISn 
•lia>na nmwpn nivmnn a© >nia’N niN’na p*i pa panoa ianaK .o>av*r»a 

*pynn ni5 8.2 

avia ,on>a>a vion novo Tima paw oi*7 oma inn ow tnna o>oao nwKa 

,-pa’n nia Nipan nia maun >aw av 
lo'iw otasn >ava anaa *jia>nn nia maian nimaa 

.vioa o>Nan o>awn ya n>on> nvwn yN - fs - ’©oo *Tia>n 
.yioa o»Kan o>awn ya mom nvian o> - fk- ’©a>p oia’n 


:on -jiamn >avo aaa nianivon nmaan maian >nw 
,o>awn ya yion noooa p>v» yi>aa avia iiamn nia .1 

yvaai .nviana own on .nviann yvaa “pan yi>aa avia iimnn nia .2 

.nnwoa own on nviana y>oan yvaa *pan 
©no .ninian aa a© aipoa *pan yi>aa avia oia>nn nia ,nnnN o>a>»a 

,lia>nn maa 

?lia>nn nia nan noa 
.nviana o>awi nniana o>aw >a*a *naaa naNwn av nava 


♦W30*T13»ft 8.3 

.(’K 8.1 nvv) paw av naion *iao av aanoa 



.mm am iirtiam an anatnn mans ann a-ra To-im iro :8.i ivs 
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7ia>nn - S paa 


*n>s) Fi foaa 7191171033 f s xaoo 7ia>n ma ays’ Fi ma *i 9 on 3 y 3 >s >93 ok 

.(’N 8.1 

.09n3 mw i> 3 y mrnan aipvw nn ,*1900 jin mn3 ian 3 an n3 on 
sf x = 0 :o9n3 row jnman 3 ipvw iivao 

Fi - f s = 0 
Fi = f s 


7 ia>nn mao nn ,*i 9 on m> n 3 vnyi F 2 nm> 3m did 3 >y 9 a on ,3aN 
:n»d nawnn napoon ,f 2 70100 man on into nid voayo 73 narwn 

. 71*0 jin 70100 hm >ian n 3 N ,yiap m>n naoon 7 ia>nn ma 

p pan inn ,09N3 mw 7 ia>nn nia <inn on mn3 33aa o’oao n3 *wn3) 

(f s =0 IN F = 0 ON >3 0*13*00 3330 

noaon man on onnao unaNo pra 3m3 713 ’nn ma 7 >oo> >jio *ty 
noipoo pjia>n3 naon a»n o>ioo a3oa ?*iaon jin nrn3 
1903 Oman ni33 mw Nin no (f s max) ’3n>oaon ia*iy3 yuo 7 ia>nn ma 

.loipno pjia>n3 

ma3 mw yxoa o>Nan o>oun i>a Ji»on> nyuji3 oawn >3»»j»on man 
.>3o»oaon >ooon 7 ia>nn 


?o3ji nr ma noa 

*i90n Tjy 3’V9)a p3wno maa 3a onp >i3ji ,>3»>oa»n >ooon 7ia>nn ma 
?*i9on 3o 3poon n3i "p3wn 3>y9ao man” no3 .(N) 

:noAn mtyn n3Non 3y naya 
3>y9> ino>oi *i9on jin nrn3 noaa *wn 3 
naoa n 3 ,(8.2 mot) noo >93a F’ ma 
jin 3>*taj 3aN ,(mg) *i9on 3poo jin 
pawn 3y *i9on 3>y9oo man 
3>yooo man jin oa p3i ,(mg + F’) 

.*1900 3 y pawn 

EFy = 0 

N - (mg + F’) = 0 
N = mg + F’ 


.o>9iAn fa (N) >3nman maa >i3ji (f s ma x) >3o>oaon >ooon 7 ia>nn ma 
.yA»a o>Nan onooon omoy onoo onoinn 3y unan n3 na ay 



’■On -pa’im ma :8.2 avs 
’Imun maa 
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-pa»nn - 8 pna 


lop nia b’yanb *p*is ration won by mion ration *)i> mnb nao 
^y» >ioyn ,noo>an by nm m3 b’yaon ,<^n by b’yanb o’o mania ini’ 

.^y novo by rmoi oaoino 
moa da pbomin niab ,pb nbn ’bo’oaon won *pa’nn mb 

.yxoa o’Kan onainn 

.naaioo mbn kvio nnob) nbia noiana yxoa o’Kan onoinb mbnn 
(on’3’a -pbabn ib’aKi ,mio*ia>aon ,o’*i>ainn ’Aio jin paona nnpibn 

.won *pa’nn onpo Kapin mu yiapa 

mom nyiinb tnun >b»>3>on man v* omn - ^ - won *ria>nn o-rpo 
.(N) n’ann yi ’bornin man )’ai (f s max) Q’mx >so fa 

fs max 

^ = nT~ 

:nKiioon jik ainab ximo ’aa ,ik 


fs max - /Js’N 


a:\) 


omopii » 3 o bo b*mn jik mopnn nKiioo K>n 8.1 nKiiooo marb a ion 
n 3 ’K nmi (mb m o’33ik» t’ori on) o> 3 io o>3i3>aa o’byian (N, f s max) 

.jiniopii nKiioo 


.yxoa D’Kin o’aixn nooa ’ibn Kb Kin ?won iia’nn o*rpD ’ibn Kb noa 
Kin n’bK naoni ,ji>31»03 miai K’n .nypna ny’nao nKam dkv >a dk 
man ’ab ninoon ’aiponp’o noo Kin o’aixn )>a >o 3 iibnn y»on nooo 

.o’Qun bo >bban noon Kbi ,>boai3n 
man n>n> ,ni3io niK’a ’no by nniK *T’>ay3i na>n np’3 dko didik jikv 
man) niio mm naann oy nbo yxon nooo nvnab ,nm nnmnb omn 


.(o’aaon >3oa nm ’boaiin 
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7T3>rf*» - 8 jrw 


. < iwn jin mn3 oojoo nisi >it7U n7n ,ynp ij>n >ooon *p3>nn ni3 , 113 ^ 
.’Po>030 >000 *p3>n ni3 'jv oiy>pn mpon jin pn ij7n>ji 8.1 oniwo3 
mny jin ronP n^i ,>3o»03on >ooon *ji3>nno pp *ji3>nn m3 ,o>>j>3 3*03 
.orb on>3 nr o>9nn jin y>mi> oojoo ni3n jin nisoP *y>7y 


fs < /^s’N 


( 8 . 2 ) 


.>0730 u>n nr >3N , 1-0 iop 3nP nid >ooon 7137 m tnpo 3o 77yn 
.181 710y30 nt73t>3 Jliy>910 0”000 71371 >07p0 7900 30 J 11 NOA 17 


<)Mn i>3 >ooon 7i3>nn otpo .novo Py nno 4 kg wooo 71A :>n nom 

.0.2 - P mw noooni 
?D>9i>n i>3 ji>on> nyiiJiV oruw >p9iNn non mo .n 
lilgi lwi no jo 5 N tw >p9iN mo 70N3 *ji3>nn ni3 mo ■aili illllK 

:<inP jump ownii Nin Jiini 3 Ji»y 3 t >33 iwn 7 3 tw .n :ynfib 

.Jiini 3 4 o>Pyi 9 <iun Py 
unjN >3 nyon }>n X n i>a ■ 
n>t>mn n 7 ipjn Py o’Psnoo 
.pn»j 71m n3 
i 37 yb yoo *ri 3 >r»n nr 3203 
F :>Po> 03 on 

s? x =0 

F = fs max = fJ-s- N 

mg nuoj >!;o 7 iin msn > 3 At>piip jin 

tu 7 mira DTinn : 8.4 irs :Y-n 7 >y Ji 7 Ty 3 7 >oji 

01300 73 .nyon j>n Y-n 7>33 oa 
:< inn Ppoo jin jrNO »Po 7 iin 

§HgiKi SFv = 0 ||| 

N = mg 

fl§lgp ' : : : 5:::: S ! .Cpa*S* IXH . fft ; ' 2 22 

nupoo p>on 3 m bn .nr nnpoi pni) ,nr nnp 03 v ,)N 30 
nyun 3 oviaw ni 3 n (*nN 3 n noAm onojo >93 ,in >333 

:Nin o> 9 Wn i >3 n>on> 

F = /zs-mg = 0.2-4-9.8 = 7.84 N 

ni3 mw nnriiP >Po>i>on ni 3 no )op 70100 0130 70N3 .3 
2 F X = 0 : 70100 ni3!7 7137m 

fs = F = 5 N , 
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7 u»nn - 8 jna 



nyiiny onvo ,noony 30° n>mi yyion ’tnomnn man inn : >z nmu 
onmi moon 711 ’nn 07pno noon i’ii4 kg yo non pi n>on> 

N 70.2 Kin 


nmu o’oin oy 110 ymns 


F-cos(30°) -fs max = 0 

:yip3 8.l fiKiionb 
F-cos(30°) = /i S -N 


Hum >yn*mn man W -pyn m 
:Y n 7 >u mvyi 


mriD □‘■arm : 8.5 tps 


N + F*sin(30°) - mg = 0 
N = mg • F-sin (30°) 

(ypom nno h '? ’Pniwn nuno nmrr mn) 
:X n 7>u jikiiooi >lo7i3n niiP i3tu>po >io>in hk mo 
F-cos(30°) M /Zs*[mg - F-sin(30°)] 

:*lp31 F OK 77113 


cos(30°) + ’ s in (30°) 


i — T’y.U S' r 7 A r\ A r — U. IX in 

0.866 + 0 . 2 - 0.5 

. . . .■ V", . 

nmm ioko n nmm ini> iop >ymi3n nuno imo3 
1 P 0 i>i7 pi >i ,7nn Pm n>on> nynnl o7un nun ,nn7ipn 

. . .nyunP ovttP no 3 n 


>1M»p*pyft 8.4 

n>on> nyi3n niuoi ,lm puoo inn <iul onu 7nK 71 A 7 omn nun ioki 
7>7uo mi .nynnn ly iinol >73 nil mna l>yanl ,ii7l , 7 ns .ouun iu 
lo laioi Kin <inn ok ouny nniK ok >1 , 7 >onn nyiinno >71 moll nu 

.( 711 ml >Un 717K ik nup yox inKl) 7uy> 717 
,yiip Kino 711 >ooon 7 ii>nn p niio ,n?3>p 711 m K7p3n ,nyi3ni 7 ii>nn 
oa 7 ii>nn >pin li ini) ,o>smn pi n>onm jmmnn >u>o oy ninon Kli 
•Jiiiim nvnmm o>pum pi 711 ml pn Kin ,>3i>03 hk>ji Kin mn pmn 
(.1113 13>K 711 Kin 7K0 JlinilA Jl1>17>nM1 ,D>ln3 pi 

o>£mn i>a n>onm jwvnna >iln i3»«i yup Nin »03»pn 7iimn 
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*pa»nn - 8 p ‘19 


nt Py nr d’aun o’P’yaov man - d’oaiA ova ,pp ,nPn ’oi’pn *yia’nn 

.yAoa o’Nan onoinn won (N ’Poaon man) 
.’onpn *pa’nn oapo mm K>n ,yAoa o’xan onoinn ’Aioa mPnn 

o»aun pa n’vm nyona *pa’nn ms pa omn - ^ k - >oj>pn *pa»nn dapo 

.(N) ts>flun pa ’Poaon man pai (f k ) 

„ _ fk 
^ ~ N 

rnKiwon im ainaP Aimv »aa ,m 


f k = /^ k -N 


(8.3) 


no’pn *pa’nn oapoo ’ooon *pa’nn oapo Pm .onpon Pv Pmn am 
nP’nnP vmn mano pp <pA Pv nyon na’ovP vmn man o”n , fi s > /* k 

pa *pa’n ’oapoP hinoau aaoo ooaP .’naan w’n nr aso ,PaK .nyonn 

:0’N30i dn ia ason dA oaiao avna ,d’aoin ov 

*pyri »D*rpo nbao 


o>hora 

/*k 

Vs 

’a novo Py 

>H Bfl 

va> 

0.42 

0.78 

naPa 

naPa 

Yn> 

0.47 

0.61 

oio’oiPn 

naPa 

>£0> 

0.40 

0.94 

n>:>m 

n>DiDr 

(o° c) va’ 

0.04 

0.1 

tnp 

mp 


0.15 

1.1 

pm> Praa 

pis’ Praa 

VOWQ 

0.07 

^.2 

pis’ Praa 

piy> Praa 

\tn> 

0.80 

1.0 

v’aa 

A’03 

aivn 

0.25 

0.3 

v>aa 

A’03 

vo> 

0.04 

0.04 

pPao 

yiPao 

vn> 

0.04 

0.04 

naPa 

pPao 

UO> 

0.53 

1.10 

Ppo 

PpO 


.ooiv o»a3oa maaoonvo dm o»y3ioo oony dn omyn Pa 
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*p3>nn - 8 p*i9 



.novo t>9 niibn fkg woov <\)x tnn^ noio 20N 'jv >p9iK tm :’h n»»vr 
*Ti3>nn otpoi 0.5 Kin novoni <^wn pn >ooon *p3 , oo o*Tpo 

. 0.2 nw’pn 

?onn m tnn^ man n»!tt> oko k 
tihsikh >no ,p oh .3 
nt>i99 nposn 9vo own nwno >no ,10 sec *919 man ok x 

7 mm 


ivion man oko pm> ub >9 ,tit> yxn ok n 9 *rt> no k 
.o>9un i>2 nv9Kn >!?b>tnon ’ootm *p9>nn ni3Q 
N :Kin <)nn !7V ninisn o>vnn 

UK Kijoj Y n *i>93 nintjn t7ipvo 
|^p£ p : >^miin nion 

N = mg = 2-9.8 = 19.6 N 


:kw brci’tnon 70©t?n*Ti3>nn mo 
Is max = Jis’N 
fs max = 0.5-19.6= 9.8 N 
*Ti3>nn mao *ini> Vm Kin 20 N Kin ivion msnv in>3» 
.loipoo pni> <)iAni >^o»o3on >oot»n 


inmp n-tinn :8.6 tpsi 


*p 3 >n Kin finmn p^i ,nyuno <y**<i ,ioipoo pno own ok .1 
£? x = m-a x :>oi»p 

20 - fk = m-ax 

man *wk3 ,8.3 okiwoo >oi>pn iiynP >io>an im ooo 
itsl:- :mnvn k!? Y *ioo mnion 330 >3 ,mnvn n'x Pmon 
20 - «k-N = m-ax 

20 - «k*N 20 - 0.2-19.6 „ m 

a x m - — — =-»-= 8.04 — 5 -.i>: - 


toikh 3 nvun niKiw>n 11*1193 n’ 9 ion unman hk ksoi 

:on ooiron .nyiap 

Vo = 0 ; a = 8.04 m/sec 2 ; t = 10 sec 
v = vo + a-t = 0 + 8.04-10 = 80.4 m/sec 
>3 ,nnn 11^199 npt?9n nmO it immn3 *>kv> h'j own 
nni9n *ri9>nn nn9 nnv k9k ,t>9K h>k i>!? 9 ninnn bipv 

,wik 
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*pb>r<fi - rpaa 



20 N n> 5 sec 'Twoa nmioo xkw 3 kg lirom> <p 

7 i>n pi >oot>n 7 iamn oipo .nowP 30° iv n>ma pyian 
.0.2 >oj>pn *ri3>nn otpoi 0.4 Kin nowonv 
? 1 Q 1 pOD m> <pAn OKP .K 

?<p*n y&> nian Jilnya Jipoan mK3 yot noa .x 


a m»n 


Kin 71* 'ro innian onjrm 


k3 ik m> ^un ok iiyai na 
>oot»n *[ii>nn jik avm 
pp Kin ok nKiii Honoon 
Hwion niino 


'in'? mnD D-'orm :s.7 irs 


fs max = / 4 s - N :Kin Hopaon poon 7ia>nn nia 

fs max = 0.4-19.4 = 7.76 N 

20-cos(30°) = 17.32 N :Kin *yv>ion niin 

«liAn pii py»paon >ooon *iii>nno im *jvion niih 

loipoo pirn 


,x - n *ih HAi povi Pw >iwi pini vonvi nuiKnn hKho> 
SF X - m-a x :Pi>pn *jii>nn Km way 7 ia>nn iVKi 
17.32 - f k = m-a x 

fk = Ji k -N = 0.2-19.4 = 3.88 N :3’S3 

a - 1 M? ~ 3-88 = 4 4g m 


ntnya mKi n»aion nnmonw 73 5 sec 7 */oa 3yia man .x 


K>n man 


| 7 iAn ^y oHyion niman ,m aiva 
o>\y*in *i»n3 7 >-m> 73 ,o>irwo 

f k < f I 7 ia>nn na Kin 7 «n jik o»Kon nan 

«— .-nii 

113*3 mnD D’unn :8.8 iva 
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*pi>nn - 8 pia 


X = m-3x hk K *03 

-f k = m-ax 

lii’ii ninian m i’on o’ovn umkv tdo yiw (-) -n) 
uoviv 13 ,nyunn iii’iP fipan }ii>33 ninian niro nywnn 
(-f k oyyi nn ,nyunn pirn Dims i>k o 0 - f k 
•33pj ,>oi»pn 113’nn nttb >w>an hk 3>s3 ok 
-//k*N - nva x 

:nun nPiyo nptran iokP wwn ’Poion nun 

Sly = 0 
N - mg = 0 
N = mg 

-// k -mg = m-a x 
a x = -fi -g 

a x = -0.2-9.8 = -1.96 :K’n noiKnn 


■■'sk 


•oowin mm ksoj m>yyp iy pin hk 


vo = 22.4^ ; V - 0 ; a =-1.96^2 


sec 

v = Vo + a-t 


:nmp rmnni im>n»h nnom wornr 


t = v-vo = 0-22.4 = sec 

V a -1.96 


yub o»biyn o»aw y* *pyn 8.5 
novo Py ivkd oyon Kin ,novo Py Kyoin inn <pao *pioo ini’ nyo 
,-ji3>n >oipo nyniK v> ntn isoi .yoP o’Pii’n o’9U ov o>nno ymp 
o’Kin onoinn >Aito >iPn .m3 nv o’nt ik mo m ooiv nvnP o’Piim 

.yAoo 

□’Nin o’9un ov mm *pD>n oipo Pi poi 
<)wn i’3 (fi s ) ’ooo -yii’n oipo *p .yAoo 
fj-s (a.b) :kih (A) iinnnn ^uni (B) pPyn 


B 


.inrt rn'ravi □'•□la ••jqj : 8.9 tps 


:on in>nn >mpn ny:nN 
:7iD>n >mpn B-i A o><mn 

A*S (A,B) i A*k (A,B) 

:7iD>n >mpo M nowom A <ii>n 

A*S (A,M) ; A*k (A,M) 
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*pa»nn - 8 paa 


.’paw nia omby byi9 avma ,o>anno anK ba by o’byian mnian jw aKm 



•jvio F ’paw ma ia a:io mnoa b’nm 

:pbyn <inn jik 
on p>byn <iun by o’byian mnian 
*yviov <iw by o’byian o’buan mnian 
oy novo by ksoi Kim ,F nia inw 
Kin *ria>nn ok nbKvb nawnn) .iia>n 
F nian ok naaiya mibn poi’p w ’ooo 
1 >a >bo>oaon >ooon -jia’nn \o bm 


.'iv'jun nian *211 'nm vai** niD :8.io irsi 


.(Kb w o>aun 


N b 



m B g 


maa pa nbn f (A , B) omisn i>a *ria>nn nia 
ivbyn «inn by imnnn <)iAn b>yao\y >boaiin 

fsmax (A,B) = AS (A,B) , N B 
fk(A,B) = Ak (A,B)‘N B 

oaa ,Y a>aa o>aou mnia vk avma 
>boaun man nnw ,’boa on niabi bpv/ob 
SF y =0 :bpoob 

N B = m B -g 


N a 



m A g 


:on iinnnn <inn by o’byian mnian 

•jia’n nia nbKOw byia B ^nn by\y pi>ao 
byia ,A <iun n» by byaion f (A , B) 
nm baua *ria>n nia A <inn by nanna 
.B f)iAn n» by ,*yian pi’aa pa 
’aba b’yaow n b ’boaon mab nann oa 
A <inn by nbyia B <inn by A ^nn nbyo 

.noo ’aba 

f (a,m) nowom iwinnn ^wn pa *pa’nn nia 
:(N a ) novon b’yaoo ’boaun maa nbn 


fs max (A,M) - AS (A.M)‘N A ; f k (A,M) - Ak (A,M)'N A 


SF y =o :Y-n a>aa mnian bipvm owsio ’boaun man jik awKa 

N a = (N b + m A g) = (m A + m B ) -g 

on>a mibn ,baA>i ~\b-> F *r\uion niano baa o’aiAb nap> no nbKob naiwnn 

:o>ann i>a ’bo’oaon ’ooon *jia’nn nia i>a 

fs max (A,B) = AS (A,B) * OlB *g 

: no worn iinnnn <iiAn pa ’bo’oaon ’ooon *yia’nn nia i>ai 

fs max (A,M) = AS (A,M) *(ni A + m B ) *g 

.(F man byia Kb vbyo ^nn) pnnnn <i«n by mnian auo »a by nyapn 
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*pa»nn - 8 pna 


pa ’ao’oaon ’ooon *pa’nno am o’ann pa ’amoaon >ooon *pa’nn ok 
liam omj>a *pa’nn .nowano pnnnn <pAn pm> ,no\yom pnnnn <pAn 
o’it>« aava ik ,F man nK amn *pvoj ok .*rn> lym O’aiAn owi ,’tmpa 
iy»> o’aiAn ov iki o’aun ’i\y pa ’ao’t?aon ’ooon -pa’nn jik oa map 

,*na3a 


pa ’aomaon n?oon *ria’nno pp o’aiAn pa ’ao’oaon >ooon -yia’nn ok 
* pan> omma *pa>nn ,pnnnn <pAno p’ayn <pAn pm’ ,novom pnnnn <pAn 
Ka ,F man jik amii *t’voa ok oa nnuoa *m\y> pnnnn <pAm ,’to’pa 
*pa>nn ma na*TAna nomA Ka F man na*TAn >a novon p A <pAn pm> 

.o’ann pa ’oi’pn 


nmna w mPn 7 ip intPw w <pA ay mio 3 kg mmv :no*f 

.pap 

n s(a,b) = 0.8 ; /^it(A.B) = o.i :on o’aun pa iiamn natpo 
:on nowom pnnnn <pAn pa *pa»nn natpn 

ft S(A,M) = 0.2 ; /ik(A,M) = 0.1 

nK *pvn»v p>ayn <pAn ay ayian >ao>©a»n ’pawn man mo 

?Tm o’awn »aw : 



.8.10 m>ya o’V’aion ninian m’wana wanvo 
:Kin o’awn pa ’ao’oaon moon TD’nn ma 
max (a.b) = vMs(a,b)*Nb = ^s(A.B)*«nBg = 0.8*3*9.8 = 23.52 N 
:kw noonm pnnnn <pAn pa ’an»oaon moon iia»nn ma 
fs max (a.m) = /4s(a,m) - Na = /4s(A,Mr(niA + mB)g = 

= 0.2•(3+7)*9.8 = 19.6 N 

moo *pa>n Kin omi»a *pamn m .am o>yi o»aiAn >io ok 
ik moo *pa>n m ok nyaipn K’n o’aiAn pa nmmn nn»n»n) 

.(»03»p 


.pans 



Kino pvaoi ,23.52 N Kin o’aiAn pa ’anmaon moon -pa’nn 
||iAn ,nooom pnnnn <pAn pa ’aomaon moon -pa>nn p am 
kuoa .’t»3>pa *jian> onma -pa’nm ,noooa oma yu> pnnnn 

:noooa oma pnnnn <pAn nawn nn 

Is max (a,B) - fk (A.M) = m A *a 


:Kin mi’pn *pa>nn mma 
= t*k (a.m)’Na = fik (AM)■ (m A + rn B )g = 

. = 0.1 • (7+3) -9.8 = 9.8 N 



imii 
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-pa>nn - 8 paa 


fs max ( a.b > 
a = -- 


fk 


(a m) _ 23.52 - 9.8 


= 1.96 


rkmmiKjm 

m 


• m A , Sv/ 7 sec- 1 

ay mman aipw mm xsoi nxm mixna diax>w f man roe 
:A <iun mind!? nnr iaw nmxnn >a ,b 

2 ?x = m B *g 
F - fs max (A.B) = niB'a 

F = f s max (A.B) + m B -a = 23.52 + 3-1.96 = 29.4 N 



dm *tv?io F >paw ma n asoa aiayi 

:iinmin <^un 

mom K>n nyunn ,iir»nr»n <^un ro>tiao 
*Tia>n w>w *p .pnnni iray :d>nowo >jwa 
Iinnnn <iwn pai ,iirinnm ivayn <inn i>a 
.nyona dnAino omiwi , noworn 


*lian au ama ’iJaw ma :8.ii tps 
. iinnitn 

N a 



>aonun nm >ian d>ann i>a *pa>nn ma 
••ivayn ay ymnnn <iun amow 

fk (A.B) = n k (A,B)’N B 
fs max (A.B) = /*S (A,B)’N B 

nan nowom pnnnn <iwn i»a *ria>nn ma 
<inn ay nowon amow >aoaun maa 

:iwinnn 

fk (A.M) = f^k (A.M)’Na 
fs max (A.M) = /^S (A,M)’N a 


1 >k aWNa .Y-n am mnian aipw mm po d’aoaon mnian yn awpn 
n a =n b + m A -g = (m A +m B ) -g :aap3 ,rmNii pro nr am d>aod mma 
N :dn ivayn ^nn ay d’^yian mnian 






B 

f (A,B) 

1 



m B g 


*jia>n ma naxow ayia A *)i*n ayw imao 
ayia ,B f|un n> ay ays ion f (AiB) 
nnr aana *ria>fi ma B <^nn ay naixna 
.A <inn n> ay ,*rian iivaa pa 

d>aixn va naoon *pa>nn maw jor aa 
<inn dk ^>xna na p>qoo ,f s (a.b) 
, 1 innnn ^nn aw mnxnn nmxa ii>ayn 

.am d>yi o>smn 
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*pa>nn - 8 p*ia 


.novo 73> mion 7 kg liioov m> <p> by nno 3 kg woov <il* :noiw 

Us (a.b) = 0.8 ; /% (a.b) = 0.1 :on o«iun pa *jia>nn >onpo 
:on novoni pnnnn <pin pa *ria>nn >onpo 

Ps <a.M) = 0.2 ; fly. (A.M) = 0.1 

jin *pvo’v pnnnn <iun by 73)i9n >7o>oaon >paiKn man mo 

?nn> o>aun ov 

nonna i3>V3>o o>aiv>nai ,8.11 mono ninian o>v*ina vonvi -.paiia 

.nonipn 

nuiKnn oio>oao .iiamn nia 77*a p *1 tmn (B) p>73>n <pAn 
.»7o>oao Kin o’aiAn pa moon *jia>nmo vnmo 
sf x = m B • a :n>7o>oaon nsiKnn jik kso3 

fs max (A.B) = niB -a 

2 _ l*s max (A.b) _ 23 . 52 _ y n 

me 3 ' sec 5 'l?;: 

sfx | m A -a :n nuiKiiP pnwin <iu7 om>i»man If ksoi 

F ~ fs max (A.B) ~ fk (A.M) = m A*a 
F 1 fs max (A.B) + fk (A.M) + HU-a 

F § 23.52 + 9.8 + 7'7.84 = 88.2 N 

:o’vi o>9ia >3v pao nvvn parm ni3i*ip3)n np>v jik oao3 


o»V3 o’au m onai o’b’nn inna nunpv 

*l 7 noa mat 7 v> *) 1 A 7 a 7 mnian * 0 >v*in iik ,7-1212 ,oonv 7 v> .1 
*jun 7 v nauii v> >ivn *pm by 7 n« «jm 7 > 3 »aoo ma 7 a 7 o oioion 
.nin>22 n2i2ni n 77 i*a nnvn ,pvKnn ^nn by >ivn 
by 73 >aio d>2im pa > 70*1132 man o» 7 a*iiin ninian >10 n« avn 7 v> .2 
> 7 > by 79210 noooni pnnnn <jun pa > 7 o 7 iin warn pnnnn <iun > 7 > 

.nooon 

•>oi>pn *ri2>nni > 7 o> 02 on >ooon *ria>nn 7 v o>2*i3»n 4 nn avn 7 v> .3 
pa *yia>nn niai ,o>aun pa > 7 onun maa >i 7 n o>2nn pa *yia>nn nia 
noooni pnnnn <pin pa > 7 onun maa >i 7 n noooni pnnnn <inn 
,nnr naiKna ik ninap ninmoa ok pa , 7 n> o»vi o>aun >ivv par 7 a .4 

.>000 *pa>n Kin on>i>a *pa>nn 

pjn Kin ,(o»iia>n mnia i> 73 » pk) *pa>n mnia 77 ia pn 3 »m <pm .5 
,o>2un pa n>on> nimn k 77 nnvann n> 7 o>oaon naixnn «k 3)aipn 
irn nsiKim jik > 7 o>oaon >ooon *pa>nn nia n*im aon 7 o> p 7 i 
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*pa>nn - s pna 


pan oia*o 

.o’auri yn yion novob p>vo in>aa byia *pa>nn ma 

*pan pvaai ,nyuna <jun on nyunn pvab *pan iivaa byia *pa>nn ma 

.nnuon «|wn on nyunb p>ojn pvab 
mab ooa ,mman ba bv bipob iian pi>aa byia *Tia>nn ma ,annN o>b>oa 

.7ia>nn 

mab mio VAoa o>Nan o>ann yn morn nyunb o*mn >bo>j>nn mao 

.>bo>oaon moon *pa>nn 

mom nyunb omn >bo>j>on man yn omn - n s - >ooon *ria>nn o*Tpn 
.(N) o>awn i>a >boaun man i>ai (f s max) o>aun yn 


fs < /^s‘N 


fs max - A*s'N 

o>aun yn mom nyiina *ria>nn ma yn omn - // k - >oi>pn *pa>nn o*rpo 

.(N) o>ann yn >bonun man i>ai (f k ) 

fk = /^k-N 

: (M yiap novo by A jinna «im B ivby ^w) o>yi o’an >10 o> noNa 
:p»byn by jinnim <iun b>yaoo >boniin maa »ibn o>awn yn *pa>nn ma 

fk (A.B) = Mk’Ne ; fs max (A,B) = ^S*N B 

:nt yvnn nswn |>ni ,>aiNn pvaa o>aou mma i»n ions 

N b = m B -g 

by nooon b>yaoo >bo*iwn maa >ibn nooom linnnn <inn yn *pa>nn ma 

:imnnn «)nn 

fk (A,M) = /^k - NA I fs max (A,M) = /43 *Na 

:nt )ii>aa nsiNft i>ni ,>aiNn imaa e>aou mma vn otma 

N a = (m B + m A ) -g 
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•pawn - 8 jns 




nvv*iiN»n mbN\y 

?o?<m pn *jo?n no t?> yno .1 
?<\n by byon ?ooon *ro?nn no >ibn non .2 

?«jw by byon »bo?onon ?ooon *ro?nn no >ibn non .3 

7<pA by byon >oi>pn *pn?nn no >ibn non .4 

?bpt?on Kbi >bomm non ?ibn *jo’nn no yno .5 

?*yo’nn no pi>n mo .6 

b'pKnb <p*b om> *jo?n not? nvnb bo? OKn .7 
pm o?n *ro?nnt? nvnb bo? OKn .ro:nb ono nyop immon yi <pA .8 

?mot? *ro?n n?n? vnnno <pAn 
?i-o pp m?nb n»n *ro>nn o*rpo OKn .9 
?*pn>nn o»ov mm o?t?io?t?n ono .10 
K?n no^’in nr?nKn nmon nton by non? o”bA*n *roiy oik *it?Kn .11 
m?nno o?nson >it? pn bnnnn pn .npbnn nvnnno mbpn bnx nmo 

.o’jwn *pn?nn >onpo 


nviw»n inbNty 

'h non 

novo by nnon 2 kg moot? <pA ntnnb onA?t? ?bo?j?on non mo .1 
?0.3 Km not?om <p>n pn >ooon *ro?nn onpo ok ,?p9iK 
,?p9iK not?o by ym 4 kg moot? <pA by byot? >oi?pn *ro?nn no mo .2 
?0.2 Km noooni <pAn pn >oi?pn *io>nn onpo ok 

4 kg moot? <pA by byon *jO?nn no mo .3 
*yo?nn onpo ok ,>pniK not?o by Ksom 
onpoi ,0.5 Km not?om <pAn pn >ooon 
non *it?Kn ,0.2 Km >oi?pn *ro?nn 
nbnni >pniK Km miK *jt?ion 
25 N (4) 15 N (3) 5 N (2) 0 (1) 

4 kg moot? <pA by byon *ro?nn no mo A 
*TO?nn onpo ok ,?paiK not?o by nnon 
onpo? 0.5 Km not?on? <pAn pn ?ooon 
non nt?K0 ,0.2 Km mi?pn *jo>nn 
:?bniA? not?ob 30° n?mn Km *jt?ion 
25 N (4) 15 N (3) 5 N (2) 0 (1) 
TO?nn onpo ok ,?p9?K not?o by mion 2 kg moot? <pA nmKi? ?no .5 

,0.2 Km ?oi?pn *jo?nn onpo? 0.3 Km not?om <pAn pn >ooon 
:Km not?ob on?n mvm 15 N Km it?ion non nt?Kn 
90° (4) 60° (3) 30° (2) 0° (1) 



8.12 TPS 

F 
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3 kg inoov <pA <pnt 20 N av >pam ma .6 
pa moon *pa>nn otpo .>aiK t>p tAia 
mmpn iiamn otpoi o.5 kid mpm <pAn 
.nnuoa namna ksoa <iun .0.2 Kin 
?<pAn ay ayian >ao*nm man mo .k 
?ma amn> <pAn 0Kn .a 
?<)iAn miKii >no .a 
inKa tayii pan Ka novo ay 2 m/sec av nmannn mama aapo <pA .7 

.novom <)nn pa iiamn o*rpo mo .5 sec 
tyyi Kin ok 4 m/sec nmanrmn mnmov <pA tsy’ pmo nt»K tnKa .8 

?0.l Kin *pamn otpo tvKa ,iiam nyavna 



’a non 

liJinim f)un jiooi 2 kg p>ayn ^nn jioo .nr ay nr omno o>an ov .9 
onoiy i>ay novon .0.5 Kin o>ann pa moon -jiamn otpo . 8 kg 

.pan Kin o’aun 

ova oi*ia>i p>ayn f)un ay aya>v >ao>oaon >paiKn man mo .k 

?tm yua o>ann 

ova oiiao pnnrm <^un ay aya>v >ao>oaon >paiKn man mo .a 

?tm yua o>ann 

aonpon ovo tnK aaa ,o>aiAn naiKn mo .A 
pjinnn <pAn nooi 2 kg p>ayn own noo .nr ay nr o>mio o»an ov .10 
pnnnn <pin pa moon *ria>nn otpo . 71 am yn omnn pa .8 kg 
. 0.2 Kin ono>a mi>pn *jia>nn otpoi 0.5 Kin novom 
ia oitA>i pimnn <pAn ay aya>v >aoo>on >paiKn man mo .k 

anyona 

anr ntpoa p>ayn <pin mamo nmn no .a 
o>ov >a aitA i>ay ayian nan ok ,pnnnn <pAn huikji nmn no .a 
aoov> p>ayn <pAnv nnKi oaa ,’k <pyoa hksov nan 10 
ota) .ion av ma 2kg moov <pA ay ayia ona omso 4 ioaa .11 
^iin pa moon *pa>nn otpo (.F >paiK maai >aotim niaa ,iapvoa 

.0.4 Kin novom 

,novom ‘iwn pa mom nyona oitA>v F >paiKn >aoo>on man mo 

aonpono tnK aaa 
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7iamn - 8 paa 


.71am v> nom novon Va ’p9iN novo by 2 kg woov no 
by o>b>y90 .0.2 -b o>nv >ovpn niamn oapoi >ooun niamn ciTpo 

.bail *rbin ’p9iN na non 
•7vion nan bv mnpii9a non nmNn bv <p> oo*iv .n 

yi9>v mo .a 

?o>ov >9 nbm nnm noon on nam mnvo nm *T^a .a 
? bbaa 71am nm Nb on naAn nNai nm as>a ,*t 
.yiap novo by mion 15 kg moov ov no by nno 5 kg inoov no 

:on o>9on yi niamn mapo 


B 


A 


8.16 TPS 



8.17 IT'S 



fi s = 0.9 ; /z k = 0.2 

pnnnn non i>a niamn >oapoi 
fi$ = 0.2 ; fi k = 0.1 :on novom 
.(8.16 any) pnnnn non by byi9 >p9iN nia .1 
nyonb oiia’v >boo»on man mo .n 
? novob oma prinnn non bv 
o>9on ovb oiaA>v man mo .a 
?nyiap mamoa yob 
nyonb onA’v >bo>oaon man mo .a 
? o»9nn ov bv H9JOVO 

.(8.17 m>y) ivbyn non by byi9 >p9iN nia .II 
nyonb oiaA’v >boo’on man mo .n 
? novob oma p>byn non bv 
o>9un ovb ovo>v man mo .a 
?nyiap niamoa yob 
nyonb ovo’v >bo>oaon man mo .a 
? o>9on ov bv nanivo 
non noo .nr by nt omno o’<m ov 
1>a .8 kg imnnn non nooi 2 kg ivbyn 
>ooon niamn oapo ,71am o»9on 
i00N ^P 01 °- 5 Nin rio ' yor ' 1 imnnn non pa 
-► >p9iN na .0.2 Nin ono>a mopn niamn 
.A non nN nvio 100 N bo yiap 
A non 7-11N1 20 cm Nin B non 7 *hn 


.lm Nin 

8.18 TPS 

ovi mipj nniNa nuoa o>9on ov bo oom oms nan nbiy9 nbmna 
. a>iiNa nNUOJ imanov yAaa A non p bi9> B non .nnooa o>9on 
?i’by B nonv )m ba ,A non bo nuiNnn mo .n 
?A non by Nino lot ba ,B non bo nsiNnn mo .a 
?ooo b9i B nonv anNb ,A non bo nuiNim mo .A 
?A nono B non bi9> nan nbiy9 nbmn yAno int noa nin .t 
70 m bo mypnaa A non bo nsiNn naA ooav .n 
70 m bo n>ypji9a A non bo niamo naA ooav .1 


.12 


.13 


.14 
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-pD>nn - 8 paa 


pnnnn <pAn nom 2 kg p>avn <pAn non .nr nr d>mm d>an >jw .15 
pa >ooon *pa>nn dtpn .*pa’n pK navani pnnnn <pAn pa ,8 kg 
B <pAn .0.2 Kin ano>a >oi>pn *jia>nn dapm 0.5 kid d>ann 

i .lm Kin A <inn *piKi 20 cm Kin 
>iwi naipi nniKa kvoi d’ann ow aw on>n da>^ nan naiva na>nna 
.nniKa nKvoi imvnnw VAaa A <pAn p aia> B <pAn .nnuoa d>ann 
:’n-’K niaKwn av ymv ,d’Kan d’avonn mu aa >aia 
(’K8.19 avv) .A <pAn hk twig 60 N aw viap >paiK nia (I) 
(’a8.i9 aim) .B <pAn nK *twio 60 N aw viap >paiK nia (II) 


'28.19 TPS N8.19 IT’S 

?i>av B <pAnw pr aa ,A <pAn aw nsiKnn >nn .k 
?A <pAn av Kinw pr aa ,B <pAn aw n^iKnn >no .a 
?A «inn avo B <pAn aia> pr nna *rin .a 
. pm aw mvpnaa A <iwi aw nvmn <)nA yooaw ,*r 
.pm aw mvpiiaa A «inn aw im»no <pA yooaw .n 
nown av Kinwa 4 m/sec aw n>nannn niamo aapn 2 kg monw <p* .16 

oapm 0.4 Kin nownni <pAn pa >ooon 7ia>nn oapn .pan Ka >paiK 
.IN aw >paiK nia ^un av avia ion .0.1 >oi’pn iiamn 
:'A-’K niaKwn av >/mv ,d>Kan d>avnnn tnK aa >aAa 
.‘inn aw nvunn pvaa avia nan (I) 

.f)nn aw nvonn pi>aa 7ian pirn avia nan (II) 

?nnK now anKa invunn n>nn no .k 
?<pAn avv> >nn .a 
?avv’w anKa <pAn rm dKn .a 
?ion aw n>n man dK ’a-’k -a niaiwnn nuwnn vn av»a .a 

’Anna 

7 un .nr av nr o’nun ^vo d’au ow .17 
<pAn non .^v nava av mm pnnnn 
,8 kg pnnnn <pAn nooi 2 kg p>avn 
'p >nowo >iw pa >ooon *ria>nn dtpo 
ono>a >ovpn 7ia»nn dapoi 0.5 Kin 

.0.2 Kin 

<pAn raao av 30° aw noira avia nia 

.pnnnn 
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*pa’tm - 8 p-ifl 


po’o'nn 00 Po non wo nyunP oiiaw ’Poo’on man mo .n 
? o’onn »nu Po nyiap nvimoa nyunP oiiaw nian mo .a 
?o’onn >w Po nonwo nyunP oruw >Po>oann man ino .x 
mono o’oo >o Pm man on omnno *rnN Pa naiNn >no .*t 

?’x <)’yoa nNaoo 

o*tpo oy ’poiN mv’o Py Naom m moov <yx r’rnp nojo F x ma .18 

.Y-n n’aa Pyio F 2 nia ,/i s moo -jiam 
man Po <p*n nNnj aa’a .n 
f)nn nyunP onnn ’Poo’on 
’oPa f 2 <innn nan Po mapjioa 

?noo 

nm nan on <p*n nN*u nm *ra>a .a 
?nPyo ’oPa *joio 

.n’Pyo noun py mio 2 kg moov <)u .19 

noam <iun yz i moon -pamn o*rpo 
mj’pn *jia>nn oipoi ,0.4 Nin n>Pyon 
.<ium Py pyio F ’poiN nia .0. l no 
V my , 0 ’Nan o’aaono mx Pa mP 
:n-’N niPNvn Py 
nyiap nnmoa nPiy n’Pyon (I) 
l m/sec 2 Pv naiNna nPiy n’Pyon (II) 

-l m/sec 2 Po noiNna nPiy n’Pyon (III) 
l m/sec 2 Po naiNna imv n’Pyon (IV) 
l m/sec 2 Po noiNna n*nv n’Pyon (V) 

,n nyunP omw ’Poo’on man mo .n 
?<iun nN *roio 8 N Pv ’poiN ma nvNa .iiamn ma mo .a 
?<iun nN *jvio ion P v ’pow ma on ,^un naiNn mo .x 

<IiA 19 nPNvav 2 kg Pv «inn Py omoo .20 
moon *yia’nn o*tpo .lkg mooo oo 
-pamn onpoi 0.5 Nin o’oun pa 
noiPoo *rnN Pa ’aiP .0.2 Nin ’oJ’pn 
nPNoa inNino (III)-(I) o>aaon 
:niNan niPNon Py ’/my ,no*Tipn 
py Pyow ’Po»oaon ’poiNn man mo .n 
P w nonwo nyunP ovu’i p’pyn ^nn 

?o>onn ’iv 

nyunP oyiau pnnnn <iun Py Pyow ’Po’oaon ’poiNn man mo .a 

?o’oun oo Po nonwo 



8.23 TPS 
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- s jnft 


F njin =5.88N .1 
f k =7.84N .2 

f K =7.84N (4) f s =15N (3) f s =5N (2) f s =0 (1) .3 

f K =5.34N (4) f s =13N (3) f s =4.33N (2) f s =0 (1) A 

a=0 (4) a=3.09m/sec 2 (3) a=5.29m/sec (2) a=5.54m/sec 2 (1) .5 

a=8.47m/sec 2 .A p .3 N=20N .K .6 

fi= 0.041 .7 

x=8.16m .8 

Fmax = ^9N .3 F max =12.25N .K .9 
ai=1.225m/sec 2 ; a2=4.9m/sec 2 .A 
aj=9.8m/sec 2 ; a 2 =10.29m/sec 2 .A v=0 .2 F min =49N .K .10 
F min =15.02N .7 F min =0.66N .A F min =11.84N .2 F min =3.84N K .11 

onn*n r>>vK72 7>nno ,*r 0.25 yi9>wn .a 0.5 Kin yi9>wn .2 .12 

Fmax=196N .A F = 19.6N .2 F min =39.2N .K (I) .13 

F max =52.27N .A F = 19.6N .2 F min =39.2N .K (II) 

t=0.4sec .7 a A = 10.54m/sec 2 .A a B =0 .2 a A =10.05m/sec 2 .K .14 

t=0.6sec .A a B =1.96m/sec 2 .2 a A =7.01 m/sec 2 .K (I) .15 

t=0.26sec .A a B =28.04m/sec 2 .2 a A =0.49m/sec 2 .K (II) 

H'J .A t=8.33sec .2 =3.52m/sec .K (I) .16 

m’UV hYj nvi2p nsiKD 8.02 m/sec .2 
H 1 ? .A t=2.7sec .2 Vi=2.52m/sec .K (II) 

.nntni o. 67sec “inK^ nn>uv l. 98 m/sec .2 
Fmax=71.01N .A F=20.29N .2 F mjn =43.9N .H .17 
a A = 21 . 2 m/sec 2 ; a B =l.96m/sec 2 .7 
Flmin —7 .84N ; F 2 min = F 5 m j n =8.64N ; F 3 m in = F4 m in=7.04N .K .19 
f k = 1.96N ; f S2 = fss = 8N ; f k3 = fk 4 = 1.76N .2 
ai=4.02m/sec 2 ; a 2 =as=3.92m/sec 2 ; a 3 =a 4 = 4 .12m/sec 2 .A 
Fi max-5. 88 N ; F 2 max - Fs max =6.48 N ; F 3 max =F 4 max =5.28N .K .20 
Fi max - 17.64 N ; F 2 max — F s max - 19.44 N .2 

F 3 max = F 4 max = 15.84 N 
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vaivnn mwan - 9 psa 


9 


Nn» 9.1 

nVn pt9S .’paiK novo Sy o>mmn o>aiA Sy Mian o’onpn o>pnas 
.na^s!? oms yia>v Sys novo !?y o>mio o’smn is s^on dk 


pbn V9WO svi»o by Dims prvo 9.2 
yawo mv>o Sy mion ’paiK novo !?y mion <\n yi >mnon s-tsnn 

>paiN novos ,«)nn sso v!?y novo!? *non -piNo nr ms .>So*mn mss Kin 
1 ii>s yaivo novas i>>ki ,(mg) bpvon pi>sS tauo (n) >So*mn msn 

.novon yaivo ns a n»ms >iSn >So*inn msn 



N 



• irtn iiDiuin nutun Sin jrtn ’paw nuuin Su Nsmn qu Sd D’Sman Huron : 9.1 tps 


!?y oj’n Spvom >!>osun msn yaivo mv’o Sy mio <)wn svksv pvso 
nr o’siiKon on>sn Air m>ns .nimsno inK hk pna!? *rny ,s>yn wik 
Y msi nau?s!7 S’spo X ms :mo«p nvisvan >nv .snvs nsivn K’n nrS 
:il7 *piKo Y msi y9ivon mv>o!? !7>spo X ms ik ,iS *piKO 




13 


UEnuinn nunnS inNnai mipm wn n-omn imun imni : 9.2 tps 
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yawnn *m»on - 9 pio 


,y9Won n\y>o7 P’lpm Kin ^nn Pv nsiKnn )h>d ,n>imnn m >k nimnn 
“TfiK pvaa Kin onn 'rv nsinnn pvaw *p 7’on K>n on>sn oii>d ni’mi 
.y9ioon iw>o7 piKon P’Gpoi o>i>yn jik ini3 ,p7 .d>i>sn» 


7uj mrra pros :9.3 nrs 
U91UJI3 THirn "31) Nsmn qia 
p7n 



.on>yno inK 7y ksoi k 7 Kin >9 mg Ppwon iiopn dk pi9i 



itoitt 7b -non :9.4 tps 
nopiin pit’s 7uj it run 
• mg 7lU 


<CAB Jiviltn nn DF 1p7 piKO AB 1 pm DE Ip!? piKO AC IpniU 11 VOO 
on>nvm\y o»iip >nvv ioikg nnooiKnn t>9von >9 7y) .nnv «fde-i 

(.nnitn nniK nPyi p noKJinn hidiiko 
.Kin mg Tiopnn 7v pii>9n p7 



:9.5 tps 
.mg 7ui mupnn prpa 
.737 mg m3i7 N 

,’7mun man n7' , ai3 mg man .3 


Ginn nun Kin mg-sin(a) mini Poinn ni37 piKO mg-cos(a) nun 

:nsiKiP 

SFy = 0 

N - mg-cos(a) - 0 
N = mg-costa) 

S? x = m-a x 
mg-sin(a) = m-ax 

nyiKnn hk 7ipi m noon aisom igk7 
:p7n y9i\yo iivpog 
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yawnn mvmn - 9 p-na 



lm ^ naitt 30° wmw pt>n yawo wo wkh m» <ju 
? yaw»n nivy’nn JiMinitf y>*’ fot non Tin 


nam 


:kw <^n nniy© pmon 


sin (30°) ==> x = 2 m 


:H>n< i nnnswn 

a = g-sin(30°) =4.9-2, 
sec- 4 

,©aKP nw mnproinn nvimonv imno .pjiynn nnom n’m 
:^np5 ,(x o =0) nyiain Jil»nn ii-npin o>*i>sn jwki jik nnniY 


.^nn nuon ok Jinn jivm >n© *pn>nn nm!? ,o*npn plan ii’Kiw >an 
by *mjinn ’in Pm p’aoo kP mg-sin (a) noo >aPn ivion mnn ok 

.m> kP <iwn f s nnoon in’nn 


yai\5>» *wnM *fp»nn 9.3 
*iw>»n nwKn .mPn iPpwn npy ,yaw» *iw»on mvn by min nn iy 
.yaivon mv’oP P’npon *rin’nn mn Pyia .Tin’© v>i pPn u>k yawon 
N *iw>oP ©mn lMivn KP y mun mninn 

y : pPi ,pPnn yawon 

sf Y = o 

N - mg-cos(a) = 0 
N = mg-cos(a) 

i-jin’nn mn <i©u X-n im 

S?x = m-ax 
mg-sin(a) - f = m*ax 

mg-cos(a) 


.Tan an irairnn nann mnnn :9.6 ivs 


g-sin(a) :pPn yawo *iw»oa dsikji 





























































































ymvnn mvnan - 9 jna 


:o”pno ok ,imfin d’t7>oi 

mg-sin(a) < fs max =/*s - N =/zs-mg-cos(a) 

nvion mil nt mpoi mw *rii>nn mi .rn> Nl ^nn 

s? x = o (a x =0) 

mg'sin(a) - f s = 0 
f s = mg-sin(a) 


:d”pjio dN ,jint Jioiyl 

mg-sin(a) > f s max = Ms’N =// S ’mg-cos(a) 


*Tii>nn Iv l*mn jin ,>oj>pn *pi>nl m mpoi mw *pi>nn nd ,m> <jwn 

:’loiwn min mm nw>pn 


fk = fJ-k ' N = //K-nig-cos(a) 

:N’n pin n 1 yswo iw’oi mnNiin 

S? x = m-ax 
mg-sin(a) - f k = m-ax 
mg-sin(a) - /^’mg-cosCa) = m*ax 


ax = g*[sin(a) - /z K -cos(a)] 


yowo ive»oi nsiNfi 
:pln n! 



(9.2) 


.fi K = 0 iwni ,9.2 nntm Iv >diq nnpo N>n 9.1 nnow 


n>oo *ni*n d*rp» novam <pAn pi .>paiN nowo ly nuo <p* moan 
n*s» *mN dnnl d'Pnnn .o.i Iw njj’p id’ti dipovo.4 Iv 

Ifiif.. .nowrtS®!|ll® 

?yownn nownn ly p>lnnl l>mi> mm mNi .n 

?imiNH in mrni no ,i 

nm> p>lnnl l>nno ^nn\y yini >t®l rpino 
»ooon *pi>nn mil ivnon min IMBllllI 

:>ln’oion ill I; |1|| 

mg-sin(a) = If max = /4rN = fi$- mg*cos(a) 
tg(«) - /is = 0.4 =4 a - 21.8° :N>n mmn 

:>dj>P^ law iii’nn ,pno <pAn ivni .3 
a x = g’fsin(«) - //K-cos(n()) 

a x = 9.8-[sin(21.8°) - 0.1-cos(21.8°)] = 2.73 —3 
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jKJWbn nwnwf -t fna 


yawo woi by o»at?i3 ninp 9.4 

oo”n on ,00013 nino yaioo *no>n by Nsmn ^nn by o>byia nona 
by bano 3 .yawon mo’ob *t 31 noii bopoa on'sn o* by o’pmao nvnb 

.pbn yawo nw’o by yi>iw ,nittmu »no 



’ijaiN m3 .3 .lraiumn -nupnb bnijn m3 R :9.7 its 

nyisnn 1110) <ii*n bo nyunn *02 by xin <inn jin -yvion non ’N noam 
nbyo >aba N>n <inn joinji rxi mg-sin (a) -a bm F-o pn> o yvn Nb 
mpa baa (.noa >aba N’n <ii>n joinii tni mg-sin(a) -a pp F-o pnn 
:N>n jnnon jiniwj ooonb man jin paab *pi2 v** 
sfy = 0 SF X = m-a x 

N - mg-cos(a) = 0 mg-sin(a) - F = m*ax 

p 

N = mg'cos(a) ax = g’Sin(a) - — 

nsiNii oiMPnno nbapnoi nt’oa .owo noo pion jin jojioov uina) 
no’>p U312 *d n*pnan nvwaN .unnivy piob ion n2iNnn 1110 vn Ji>b>bv 

(.*ro’n bb*a p*i 


.ooonb ijiin pnab *y>*i2 pbi >paiN no Nin ivion non o noAitn 



:yi niNiioon 

EF y = 0 

N - mg-cos(a) - F-sin(a) = 0 
N = mg-cos(a) + F-sin(a) 


Efx = m-a x 

mg-sin(a) - F-cos(a) = m*ax 


a x = g*sin(a) 


F’cos(a) 

m 
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9.8 TPS 




yawtm *iw*b?i - 9 p*m 


sy Pyia Kin pmP y*n*KP ,*ri3>nn nK da ,u’kiv niKOAVtn >nvP oosa dk 
.( o’naoo many ,pios .-pis 73 ovPi) <iiAn P\y nyonn )ii>s mo y*n\y 

miKsn nnipin nK imp *tko snyn 

.«tiAn Pv nyonn in>sP wvsa “pan *ps>nn ma 
.*pa»nn ms iiva nK i>map»yai nyunn in>s jik vnjp pick 
Pin «imn sy smaP a>a»»n kP) 7 is>n kPP nPK«m jik sinaP o>a»n 
nyonn iii>s oa Kin *ps>n kPP jivsni (nyunn pi>s mo o>y*n>v ty 

.*ps>n oy 

ik nniK OKnP pn kPk nyiinn pi>s jik novP Pis> o>k *ris>nn 

.nniK myyp ois>pn nnpoa 

.tmpn moya UKanv ’a nnpo Pv nnat?o noAis Py Panto 

nw>o Py noon 4 kg inoov <|1A py pyio 50 N Pv >p9iK ms :min 

7 is>nn o*tpo 7 is’n ntwoni <iun pa .30° in>nn> yanws 
mo .0.1-P mw >03’pn *ps>nn ospoi 0.2 -P niw moon 

?7iAn nyiKn 

mnisno nis m>K nK*o ^nn Pv nuiKnn pm nK nyaP ns pinna 

.sni» Pm ,i»Py o’Pyian 

:Kin yawon *nv>on nPyos ,nPyo h>Ps pyion msn 
F-cos (ft) = 50-cos(30°) = 43.3 N 

:Kin yowon nw>on pma Ppvon am 

mg’Sin(«) = 4-9.8‘Sin(30°) = 19.6 N 

nnsnon nPyos nipyp nsn> <iwn ,im> Pisa *jvion msnv pmo 
.pismn mss >iPn nt kP ik npy> Kin t»K .yflivon 

:Kin »Po>oson nwtm piamn 
fs max = Ms'N = // s *[mg«cos(ft) + F-sin(ft) ] 
fs max 1 0.2-f4-9.8-cos(30°) + 50 -sin (30°) I = 11.8 N 

His’nn kPP ninisn Pipwo pp nr nis 

S?x f F-cos(ft) - mg-sin (ft) = 43.3 - 19.6 = 23.7 mMEWSSBrn 

.noo >9Ps >to>p iism nm» 7 is>nni npyo >9Ps yo» <)iAnv 7 S 
fx = m-a x :nsiKnn nK KSD3 

BFx = F-cos (a) - mg ‘Sin (a) - f k = m-ax 

fk = /*k‘N = // k "[mg-cos(ft) + F*sin(a)l :SO» 
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yawion iw’nn - 9 jr>a 






S _ F-cos(ot) . ,- v f \ ttv’F -sin(a) 

a x =-—-g-sm(ot) - /x k -g-cos(a) + t = ± - - > - 7 


50-cos(30°) 

4 


ax = r ~ y - 9.8-sln(30°) - 

> ■ \'SiirVStt 4 ?® ' 


si i i 


0.1-9.8 - cos (30°) + - 0 -- 1 ’ 5 - '| in(30 ° ) = 5.7 


m 

sec 2 


pnan owo 

a x = g-sin(a) :pPn yaw» *iw>oa nsiNJi 
a x = g- [sin(a) - ^ K -cos(a)] :p^n yaw» *m/>na nyinn 


- 202 - 




yawnn nw>nn - 9 pna 


JlVVniN’Jl JllbNV 

.pan yawn mw>n ay Kynm <pA ay o>ayian mman nK oo*w .1 

?it mrnaa na>tm mm ,mman pimaa on>yn nmna mo .2 
?iaw nooa mian pan yawn mwma <])x nywn qnd .3 

7Y?v nooa mian pan Ka yawo mwma <in rawn okd a 

nKiwo tin o>a>ynw oaa *pa»nn ma pva nK nyia o>a»n ynn .5 
? 1 iDi pvan ok nKyumn pwnai mwaa pva wma nwaK >ki ,mman 
ipmyna na ma i>ay o>a>yan .pan hP yawn mw>o ay m <pA .6 
ik im>on amoa ,im>nn nayoa ma a>yana nm> ap okh .impno 

?na>yn pnaa 

.pan Ka yawn mw»n nayoa mnannn mmnn aapn <pA .7 
?>nannnn nawa mtnn iota mw nann Kwa mayn lot okh .k 
?npntn nnmna nw mannnn nana mtnn yA*ia mmnnn oKn .a 

jwaw»n mbjw 

’k non 

?40° iyiaw nmtw pan yawn nwma nswnn mo .1 

?4 m/sec 2 K’n n miKnnw pan yawn iw>o aw nmtn >no .2 

pmo ,20° mmtw pan yawn mw>n ay minn ,<pA am> pt noa 7 m .3 

?i m aw 

.6 sec *[Woa 3 m/sec aw nnmo mmi ,pan yawo hw>d ay nmo <in .4 

?yawon mw>nn aw nmtn mn 

aw maowann nmtn .pan Ka yawn mw>o ay m 2 kg moow <iu .5 
>oj>pn *jia>nn oapo .20° K>n nnooa ikwi <inn na yawon mw’on 

.’coon *rimnn capon omw >a pp 
?nowom <iwn pa >ooon *pamn oapo mo .k 
?10° K>n nmtnwa *pamn ma mo .a 
?30° K>n nmtnwa *pa>nn ma mo .a 
liarnn oapm 30° mmtw yawn *iw>o ay p>annn 71 A aw myiKn mo .6 

? 0 .i-a mw aw>nm <inn pa >ovpn 

30° mmtw yawn aw>o ay ym «pAa mnn W 3 >pn *pa>nn oapo mo .7 

?2 m/sec 2 aw nyiKna 

nayn »aaa *ywio yawn aw>na a>apn ma .8 
yawn aw>n ay nKmm ,3 kg aw non 

.45° mmtw ,pan 
maya <ina ovuw man mo .k 
?nyiap nnmna 

?4 m/sec 2 aw nywna maya <pAa oi-iaw man mo .a 
?2 m/sec 2 aw miKna nria <ina m*nw man mo .a 





yawon ow’on - 9 poa 


.30° imntw sfewn ow’o n* by nyiop momoo *nv <iw .9 
?nowoni <iwn in wi’pn *pomn oopo mo .n 
? o”w >a b*TAin yiawn miir on nsiNnn nmn no .o 
Nin yawon ow’on now .25° immv yawo ow’o wnoo oonwo <iw .10 

.40 cm 

a lot not) *rin ,pbn novon on .n 

[ ow’on mnnnb <iwn yw> 

?yawon 

40 cm row wi’pn -jiomn oopo on .o 
i <iwn yw’ pt noo *jw ,o.i-b 
* ?yawon ow’on mnnnb 

9.io -ms mnnno <iwn im>no nmn no .x 

>wo "ton boo yawon ow’on 
?onpon 

n noo 

nnow jin noino nb’oo pbn Nb yawo ow>oo nsiNnn nnoiw nom .11 

.pbn yawo ow’oo nuiNnn 

onpon jin noino nb’oo pbn yawo ow’oo nuiNnn nnoiw nom .12 

.yiaw bv 90°-i 0° bw o”iiu’pn 

iminw yawo owm n’nnno 4 m/sec bw n’nbnnn momoo pow <iw .13 

.30° 

:pbn nowon on .n 
? nown Nwb <iwn yw> pt noo -jin (I) 

?nown nw mo (II) 

,nyunn nbrnno ,pt noo Tin (III) 

?’nbnnnn nowb <iwn oitn> 
nowb notnn momo mo (IV) 

?>nbnnnn 

:0. l-b mw wi’pn *pomn oopo on .o 
? nown Nwb <iwn yu> pv noo *rin (I) 

?nown nw Nin no (II) 
oNwmb <iwb oioaw >boo>on >ooon *riomn oopo mo (III) 

?noob p’bnnb Nbi ,noipn 
nNUOw iiomn oopoo nnno Nin moon *riomn oopo on (IV) 
nowb <iwn oitn> nywnn nbrnno pt noo -jin ,ooipn ^yoo 

?>nbnnnn 

?>nbnnnn nowb notnn nnmo mo (V) 
imiitw yawo ow>o wnoo 4 m/sec bw nmbnnn momoo pon <iw .14 
*Tio>nn oopoi 0.5 Nin nowoni <iwn in mvpn *riomn oopo .15° 

.0.8 Nin moon 
?<iwn oi*y> pt noo onNb .n 
? n*tnm pto <iwn now nown mo .o 




- 204 - 








yawon mv>»n -9 pm 


70 m o*rpo nowom f|i>n 10 .’pam nw>o 7y njio lkg inoow <p> .15 

7w omsn *mK hk o>7yo .0.2 7w >oi>p 70 m o*Tpoi 0.5 7w >000 

.vrm 7y now nowonw 73 *n\y>on 
?nnuo3 okwi 70 m pny no n>7o>03on mmn mo .k 
?’k-3 jikuov mmno msno K>n minn owko 7 omn no mo .3 
?>k-3 hksow mmno o»iw >9 K>n mmn iwko nsiKim >no .x 
iw’B 7y Ksom 5 kg inoow 711 7y 7yo F no om ooso ovy 7097 .16 

0.7-7 rm\y novom 71 m i>3 moon 7 omn o*rpo .30° immw yawo 

. 0 . 1 - 1 ? mw >ovpn 7 omn o*rpoi 



?F=20N ok .onpono *tnK Pan >7o*nm non mo .k 
? onpono inn 73 a ,nyon7 om>w >7oo>on non mo .3 
nKSOV non p msno7 nnvn no 7yi9 nvK3 *jo>nn no mo .1 

?’3-3 

3nK 7oa ,immo mw nyima yu7 71*7 onaw non mo .*r 

(no no o»pi n*r>03) ?onpono 

?onpono inn 7aa ,6 m/sec 2 7w nymn7 7117 oruw non mo .n 
7w mn7nnn nnrno 7apo m = 3 kg moov 711 on3 ooso w 7037 .17 

.Vo = 10 m/sec 

*rnK 7oa ,p7n nowon *wk3 ,*oyw *ry 71m noy>v pnnon mo .k 

?o>3yono 

>w>pn 70’nn otpo owko ,nsy>w *ry 71111 aoyw pnnon mo .3 

? oosono *rnK 733 ,0.3 Km 

*mK 733 ,’3 -1 ’K o>a>yo3 ,*iyy> ok , 71 m *oy> jot noo 7 m .x 

?ooyono 

3 kw> 7iinw >*T3 >7oo>on moon *yo>nn o*Tpo m>n7 7>*o no .i 

?*oyiw *mK7 loipoa 



10 ° 

(2) (l) 

9.13 TPS 
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yowon *ivt»»n - 9 p-ia 


a=6.3m/sec 2 .1 

a=24.1° .2 

t=0.77sec .3 

<*=2.92° .4 

f k =3.09N .X f s =3.4N .1 /^=0.364 .K .5 

a=4.05 m/sec 2 .6 

^ k =0.34 .7 

f=14.79N .X F=32.79N .1 F=20.79N .N .8 

a=5.66m/sec 2 /t k =0.577 .K .9 

Vi=2.8m/sec ; v 2 =2.48m/sec .X t=0.763sec .1 t=0.676sec .N .10 
t=l. 632 sec (III) h=0.816m (II) t=0.816sec (I) .N .13 

v=-4 m/sec (IV) 

t=1.53sec (IV) // s =0.577 (III) h=0.7m(II) t=0.7sec(I) .H 

v=3.36m/sec (V) 
h=0.94m .3 t=1.82sec .X .14 

a=6.66m/sec 2 .X f s =2.25N .1 a=26.6° X .15 

N = 32.43N (2) N=52.43N (1) .X .16 
F=4.28N (2) F=105N (1) .S 
f s =28.2N (2) f s =48.08N(l) .X 
.710 ni3 I’H (2) F=35.22N (1) .*f 

F=10.64N (2) F=71.99N (1) .n 

nsy’ Xt7 (2) x=10.2m (1) .X .17 

x=42m (2) x=6.715m (1) .3 

K!? (2) t=2.04sec (1) :X .X 
t=8.4sec (2) t=1.34sec (1) :3 

/*s=0. 17 (2) fis=0.577 (1) .7 
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>pma ftvau a-i nvya - 10 pan 


10 paa 

p\?r a ’pirn jiraia an jirya 


Niao 10.1 

anK ^wn am> v> avma ,i 101 ’ 3 ’P^na vio’v^ niKOAia i!7ia Kin nm pnon 
,6 paaa hd oaa’n poio >pin:i dio>vP niowan niKOAnn jik .Jiaaytaa 
na ,yawo iw’o t?wi -pa>n 'pv o>3wn d>aso ova mmn 9-1 8 d’paaai 
dmK dm ,ani’ d>aaioon d>apon jik a»an^ yt> p>aon m>a n>n>v 

.poio ’pirn d’woiwo 


rmr wmnoai nnr rraiNin o’an naoo 10.2 

d’an >w JiaKJion nmna P>nju 
aKinoa d>MDioi Dina nrP nt dnainon 
Kin omnv nIowan dvb n>Ji . 10.1 ama 
dAi 7ia>n Jiaon Jitu^An ,PpDO aon 
, 7 ia>n non novon 
jikojo K»n io nmn inna 'pv moon 
jik’uoi ,d>aiAno *rnK Pa P\y miKnn 
.onon awpon oina mnmon 

d>9iA ow na v>v n>ya 'pv pana ji^nna oosy jik PikdP ia>t»a> jiiPkd >niw 

.*1J11> IK 

?nm K>n d>9nn niJiKJin dKn .1 
?nnr K>n Dina nimiion dKn .2 



id.i ni’s 


yj arm <iia ayma mip no awn!? u>Py .niWKan nPKvn Py nuyp na , 
?nnt pmo yi own ^iAn dKn .(lm noj) mvPa pnno 
dK .nm dnt>v nuiKnn i-ki n>ai>n Km naivnn ,nnr d’pnaon on> dK 
dnaiy dnv d>pmon on>i ,nDW K>n dniw miKJin i-k h>!»! 7 w K>n nawnn 
.ni^iKnn on>t> .nnuoo dnyun dk iDmnnw >KJiia ,nn\y ,d>iiv doora 

x = v 0 -t + i-a-t 2 :pnynn nnoua nmyi na>on 


x = x -a- t 2 


:oaKp mw nmPnimn di$*$ibiy pvao 


^•ai*t 2 

xi _ 2 _ a* 

X2 ~i-a 2 -t 2 _a2 


:Kin d>iw doota d>pmon on> 


.jiiuiKun on>P mw d»iw doota d’pnynn on» manK o>D»oa ik 
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tim>i >pma nvau ainoya - 10 pia 





Po nyun no*ni ,up\y nmni *mm 
w ,1 m m> >ipjin <inn aoKa .Jianynn 
,pmon iniK jik nooon Py K^mn 
foona nnij) .mm- onPo imiKnn ppi 
.(nnnN nmojvt 

.*1111’ noioa n’ion nPKvP naionn 


o’nnii □■’mu D’jnra :io .2 m’s TiihP jiimjiian ,noo ion oinno poao 
•D’ni D’ijmn D’En^n ’jiu ,*rnK oin Kin oinn ok .nnr k>d oinn 

.jiok Jiimno pa pp ia n>rm 
n>yan irwa Po ’iWKin aPwn sm nr aPv .jiinian >o>vnji oioaoP aiayi 


,nim ik irtK *\u Py o>Pyian ninia naoo na v>v n>ya Pa pina 
.iiaia «j« PaP Jimia o’vnn n>sa P>nnn 


N T 

1 I 


Hras 

L_ 


m 2 

f- 1 1 1 ! 


m 2 g iPpoo o’Pyia nPnn Py 

ppy Pyia kP) ijiik noipn oina nimnom 
oina ninmon kPk ,mi Po nia oio 
(mi-a v^’pya miPji 


mig 


m 2 g 


•wffft <iom ,pyia nooon py mion <iun Py 
jik nr o>Poaon ’Panin niaPi PpoaP 
Pyia kP ) .oinn mn’jioo onion nia ,nr 
oina nin’jinn kPk ,m 2 Po nia oio i’Py 


.*\w ^*2 mmD irunn :10.3 tps 


(m 2 -a i>a>pya miPn 


.nnaia <in PaP .p^io 'ion pinn jia’jia Kin >ion aPon 

fx = mi -a :mi noo 

(l) T = mi - a (mnmon Kin <^un jik -joiao *r>n>n nian) 

sf y = o 

mig - N = 0 (*Tia>n i>ko pr Pa iijiik yoy> kP y- m>a) 


SFy - m 2 -a 
(2) m 2 g - T = m 2 -a 
(l) nKiwao T jik ami 
m 2 g - m i • a = m 2 • a 


,, :m 2 noo 

(-pan iivaa Jiinian nina nyunn pvaa ninian) 
ok ,(T,a) o>oPyi ova iiikiivo >jio uPa>p 

:Papi (2) nKiiooa 


a = 


m 2 


mi + m 2 


•g 


pKaoi 


.g aaian naiKJin mop o>aun jisikjw o’kvi uniK nK^inn yo 
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pooi >pina avow a-i m>ya - 10 p-ia 


nP>ma m 2 °|iAn Pirn (mi= 0 ) mi-a noo mrni kP pokp ,o«m»pn onpoa 
mi nooP mmi kP (m 2 = 0 ) m 2 -a noo mmi kP iokpi ,(a=g) momn 

.(a=0) nsiKn 


T = mi ‘ m2 -g :Papj ,oina mnoion ok way aom ok 

mi + m2 


,awn^ o>yio o>a*io >aa , m 2 -g miPnn noon PpooP nno m>K nimnon 

.moo mop kPk 

Pipo i-k >a - m 2 g PpooP nno m>nP nPia’ kP mmnon noP da ana 
.nsiKJia nmn kP K>m o<mP nm n>n m 2 noon Py mnian 



>no Po naayo Py Panoi noo noAiaa 
jiPaPa n>y 000 mnPnn (mi>m 2 ) moo 
.noo non Pan nat-ya ,*ria>n naon 
.aiioK miao o>Kaip jikv naayoP 
>a nyiKJi nnwa myj moon >no .1 
noon nPyn ,x pnao nnv nnKn aoKa 

.pnaon ijiik jik 
nm K»n ono>a aopon Pana mmnon .2 
Kim Pann iniK in? >a ,moon >no >aAP 

.noo non 


10.4 TPS 

> 9 Pa Ppoon o’Pyi 9 po nnK Pa Py .nm- Kin moon >noP mnian moan 

.nPyo >aPa oina mmnoni ,noo 
.man nnKm nPiy moono nnK .mnian nKiiooa ksqi moon )>a Paann 
1 ii>a - nno Pmn man pnaa o»n ,m*iKnn p>na nyonn )ina jik nnai 
pva mnaP po ,iia>n i>ki ,yrt> kP nsiKnn pi>a aoKa) .mi Po iPpoo 
tK mP>Po mjiKnni na’oai .paa )inan mann mnKnni na>oa .>mn>no 

(.innno p>aP -pan minai paj nPau 


Fy = m 1 -a :mi noo 

(1) mig - T = mi-a 


Sfy = m 2 -a :m 2 noo 

(2) T - m 2 g = m 2 -a 


(1) nKiiooo T hk a no ok .(T,a) o>oPyi 00a niKiioo >no oPa>p 
mig - mi-a - m 2 g = m 2 -a :Pap 3 (2) nKllooa 


„ _ mi - m 2 _ 

a - ——r^^-g 


mi + m 2 


T = 2 • m 1 • m 2 
mi + m 2 6 


:paoi 

. (hoqkdo nsiKnn mio moon noKao nKamno niKnP po) 

:K>n mmnon 
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poio >pina m>au a*i nvya - 10 pna 


Jivau 3 i iwyia *pyn 10.3 

by nnnon mi= 4 kg non by banoi 
nmopi ,30° in>mo pbn Kb yaioo iwo 
bo noo noob *ria>n non oin Yff 

.m 2 = 3 kg 

noooni ^un yn >ooon *pa>nn o*tpo 
. 0.1 Kin >oi’pn ‘pa’nn o*rpoi 0.2 Kin 
:K>n ,nin>noai nisiKna nmtn naan .ninoKnn nibKon >nob naionn 
nbiy ik nano m 2 noon noKb >a ,n^iKn nniKn niyi moan >no .1 
mo’on anion ik nbyon pmon iniK jik nyi m t noon ,x pnno 

.yaioon 

M11K int >a ,nioon >no >nib nnr K’n ono>n nopon bnna mn>non .2 

.noo non Kim bann 

:K’n *ria»n v> pno nvynn baa n’ninnn naipm 

,*Tia»nn nia in»a ny>ap >iab ,nyunn pi>a dm nnnb u>by 



pva Kbi ,nyun on na>on ,nbo nvonon iiva Kin nanyon bo nyunn pva 

.nbo nyiKJin 

.nsiKJin pi’ab Kbi nn>n»n pi>ab *pan pvaa byia iia>nn 


pvab aAiio iivaa *jia>nn tiia pva nK ninth n>ya vk ,nyi nanyoni na>on 

.nyunn 

u>k nyiinn iina ,nrnio bo nuoo nynna b’nnnb naiOK nanyoni na>oa 
by o’byian ninian bipo pi»a Kin ,ynn ok ,na*iyon yun ia iivani ,yn> 
ik (>oi>p iia>n) nswnn nK ^opnb pa* -ppnn nia ,*ria>nn nia Kbb ,<pAn 
.n^iKnn in>a nK niiob Kb baK ,(>ooo *jia>n) b>ba nniK ynob 


ic. . 

nK o>aoion o»iis>nn ninian by bantu .nuiKnn pi>a nK Kisob na 

.*Tia>nn nia Kbb ,nbia nanyon 
:niaa m 2 noon naoio anK aso 
m 2 g = 3-9.8 = 29.4 N 

:mi bo nian n>an byia >30 aso 
mi- g-sin(30°) = 4-9.8-0.5 = 19.6 N 

livao iikso 29.4N > 19.6N -o yivao 
,*pa>nn nia Kbb .nanyon bo nsiKnn 
.m 2 noon bo nbpoo pi>aa n>n> 



00 b p*i noyi nsiKnn pva nnK oia’nno ,biabao yio>nbi matb aion 
,bia> nwnon pva .nnuoo Pnno ^uno iivao .nvonon pva nK>so 

.nt pvab *pan oa nvnb .moKa 
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litwj >pwa m>QW an nvya - 10 paa 


ico) mnxnn pi>a5 auoa mnPnnn nn>no naayoP nnP ynw ymao nxi 

.(nPyo >aPa amxa <yn mpan-v; 
aaioa xin *ria>nn yivav oxyo .*yia>n xPP ason nx unno way ay 
,nPx\yn way nPxvo .(nnwaxn nn>non pvaP *pan) yaiwan aw>on 
no pp *ria>nn\y ix ,nyun PPa man xP\y *p p'aoo Pm *ria>nnn oxn 

.nyun avaxnni *pp 



’coon *pa>nn ma nx awnP na 
mion <yixP mma twan a>m >Po>t?aon 
.yawon aw>on Pv 

fs max = 'N 

an natya xaoi >Poaun man nx 

SFy = 0 :Y-n 

N - mig’cos(a) = 0 
N = mig-cos(a) 
fs max = /*s-N = /z s -mig-cos(a) 
fs max = 0.2-4-9.8-cos(30°) =6.8N 


29.4 - 19.6 = 9.8 N 


:xin *yia’nP oaa ,o»m»nn niman y>a waann 
.nyunn nx yuoP Pan xP ’oot>n -pa’nn ma ppr 


wmx a\yxa ,aaaia nioono nnx PaP niman nxwo na’na aPwP aiaya 
:yaivon aw>on aaioa mini >to>p *pa’n ma Pyiaw tnyav 

= mi-a :mi nt?0 

T - mig-sin(30°) - fk = mi-a 
(1) T - mig-sin(30°) - /ik-mig-cos(30°) = m^a 


(2) S?y - m2-a :m2 riOO 

m 2 g - T = m 2 -a 

(2) nxwoo T fix anJBx ,(T,a) o’oPyf'YS'W'Wxwo >nv 13Pa>p 

:Papi (l) nxwoa 

m 2 g - m 2 -a = mig-[sin(30°) + //k*cos(30°)] + mi-a 


m 2 - mi-[sin(30°) + ^k‘cos(30°)] 
m t + m 2 


:yxaoi 


_ 3 - 4-[sin(30°) + 0.1-cos(30°)] ft „ _ A m 
4~+~3 9 ' 8 - 0 91 ii? 
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Itovj >pina m»an m»ya - 10 paa 


MW nwiioii nw nuiNffc o*sfl imjo fo.4 

aaoo o> aax ,mnxnn nmxa o’yi o’aun aa pa maayo ay aanona ainyi 

.o’aon ay now ni’imno 
.ni’irono aaoo i’m nnx naxoao oiaV 7 maia> nn>o ’no 
row mmno o’ oin aan .0010 o’om aaoo ow owa x’n nnxn na’on 
noon nyao noon na’on .o>oinn axoa mronoa pa’pya pa nawpn 
omn nooi m’oa .omn noo nx orotn iway ay mxmrrn aaa .omn 

.row oinn n’2 >wa nm>non nnot ro»x 

.room aaoo o> na nmiaa amro 
,it anx it mawpn moo oiao ay aanoi 
’paix nooo ay ,F nia n» ay maoon 

.pan 



kio .6 ivs 


X pnao maiy rowxan noon aoxa >a n^ixnn nmxa myi moon oiao Pa 

.nnt pnao moon axo mnaiy 
:xm moon oiao aaa mman owan 
Ni n 2 n 3 o’om >w o> >a now m>in>no ’no o’ 

.0010 

^ :x»n moono nnx aaa mnian nxiwo 

£?x = mi -a ’O 

(1) Ti = mj-a 

2 ?x = m2*a :m 2 noo 

( 2 ) T 2 - Ti = m 2 ’a 

E?x = m 3 -a :m 3 noo 

( 3 ) F - T 2 = m 3 • a 

:xm (a,Ti,T 2 ) o’oaym noiPoa mxiwon oiao liana 

mi-F 



► . 1 

f 

i 


F 


T i Tij 

r- 


1 t 2 t 2 

p 


L 





F t 




r 1 


> 



mig 


m 2 g 


'310.6 n’s 


m 3 g 


a = 


mi+m 2 +m 3 


; Tx = 


mi+m 2 +m 3 


. T _ (m t + m 2 ) -F 
’ 2 m 1 +m 2 +m 3 


m n*raiy nn’no ,ani’ naan nowa naiua a nuixnn nx xisoa n’n po) 
nnpai nnx m’n’a naayon aa ay aanona x’m ,o’xao o’oaipn o’apoa 
oiymn man ooaao napoa .may oPyian o’ovs’nn mnian nx pa iiaona 
SF = ma :pa .o”ooa mnia on ni’in’non ’a F man xin a’n’n 

F = (mi + m 2 + m 3 ) -a 
F 

a =- 

mi+m 2 +m 3 

(.nmxnn nmxa myi moon aaoa pa roiai x’no it nowa pao’nn 
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poi>i >pina nvau an nvya - 10 pna 


oinn hod noK3* ,niDK3 ,K>n nuio nvimno >no oopb noon na>on 

.paona nnpbi 
mi moo >no bo noioa hdait by banoi 
noo bya om nntya itb it nvnopn m 2 -i 
F ma n> by m>D> niaooai ,L tiiki m 
•Nio.7 ivs .pbn nooo by 



m 


mi 

mmmm® 

m 2 


Kb n»aiKn niman tK 7ia>n i>k) o»paiKn ninian bo nima o>onn 
_ :Kin po>a nopon banbi moon ’nob (o»niyDOD 

-*» Ti Tr*-****»^- +T 2 TV«—p—|^F 

210.7 IT'S ‘ 


S^x = ma 

(1) Ti = mra 

(2) T 2 - Ti = ma 

(3) F - T 3 = m 2 *a 

F 

a =- 

mi+m+m 2 


:p Himan hikiiod 


.pODI 


t 2 -t, 


m-F 

mi+m+m 2 


:nid oinn by Hinn’Hon onam 


.(m~0) nrnit K>n oinn bo noon noKa oaKb nno nt onan 


T1 '< - 3888888888888 ft - —«► t 2 ’ 

'310.7 TPS 


ok .n*r>nK m>K nimnon oinn -jina da 
bnan ,omn bo iop yopa o>banoD 
Hooa >ibn yopn n>a oo pa nvimnon 
.yopa nbaioo bann 


.nnt «>n laniKb Hin»n»ni nnot mooo oin pb Kin >bK*r>K om 


row nsiNM o»an *iao» 10.5 


o’9nn ba bo nyiKHno -non iiksdi niompn niKDAnn baa wpnao nnK 
.nnt m>Ko nyiKH bo hikdavt >ho voay hkha nnt nn>n 



nminn mi hod bo K»n mioKa hdavt 
,h*t>d HbAbA *p*T nmopi ,pbn nooD by 

.m 2 n>io noob 
hod aoKa napDn hk nb’nn ninai 
pm 73 anKi ,nnm K>n mibnn nbAbAn 
HODa o’aonHD aoKa bnn m>oa 

.HbAbAn 
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iwvi >pina nvan an m»ya - 10 pna 



'110.8 TVS 


awna .mw nP moon >nw Pv rcmnn 
X pnao nyj nowon py nmion noon 
- pnaon mano pa nnPnn noon rmi> 
o’owp pPnnnP *yn^ oinnw pvao x/2 
.nPAPAn >n>y owo 

nooP ,mi nooP a»on mman o’tnn nn 
nPAPAn ok oa o’D’-u wok .jiPaPaPi m 2 
o’K mi noon OK iwion omnw pvao 
.m 2 noon jik *fwiow oinn 
:K’n m x nooP mman nxiwo 

X?x = m i* a i 

(1) Ti = mi-ai 


:H>n uPaPaP mman nxiiwo 

S?x = m-a 2 = 0-a 2 = 0 
T - 2-Ti = 0 

(2) T = 2-Tt 

nPAPAn noo >a o9xP nw mman Pipw) 

(m«0 nnm 


sf Y = m 2 -a 2 :x>n m 2 nooP mman nxiwo 

(3) m 2 -g - T = m 2 -a 2 


:ovenP Pau mi noon mnxno msno x»n m 2 noon naiKno ymao 

(4) a 2 = ^ 

ai =-5^—-*g ; a 2 = —5^-g iino mniwon yaax inii9 

1 ™ 4. m 2 6 4 -mi + m 2 6 1 ' 

2-mi + -x- 


mnvo nmn M noo npya hPx ,noo mon nn>n xp nnPnn nPAPAm m>oa 
eP x = m-a :nPAPAn Pv nxiwon 

(2’) T - 2-Ti = M-a 2 

noo nx vway nauo nP>aon ,mmon nxsina >o>w ,pioa .aau mn >«>wn 

:M nPAPAn 

m 2 m 2 

ai M + m 2 8 » a 2 - 4 >mi + m + m 2 ® 

2 - mi +-«- 
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fwoffpina nwm ai nova - 10 pia 



X -cos(a) 


oo bo row miiKnb noon noAnn 
nooo by nrman m, non K’n ,o>qu 
mnon ,noo ion bin “pi niiopi ,pbn 
.m 2 noo noo bK a H>W3 

Kin nbAbAni mi noon i’i pniono noj) 
pn nmoo Kb mntno 73 .Pita p’aoo 

(.mmnn 



i 

X 

■f 


N 



ioki .nno Kb moon >no bo nsiKnn 
noon mo ,x pmo nnbnn noon n*ni> 
by pmon bo bo>nn ok pi nooon by 
. x -costa) - x-n 1 >y 
:pb Kin msiKnn on> 

ai = a2-cos(a) 


:kw moon ’nob mnun o’oin 
T 
4 


i 


10.9*11*1 


SF X = mi-ai 

T-cos(a) = mi-a 2 -cos(a) 
( 1 ) T = mi -a 2 


m 2 g 

:K>n mi noob mniDn okiioo 


:K>n m 2 noob mnian okiioo 

S? y = m 2 -a 2 

(2) m 2 g - T = m 2 -a 2 

rpu mimoon >no pma 

m 2 m 2 -cos(a) 

ao =--—-e a 1 =—-- 1 —- -e 

mi + m 2 0 mi + m 2 


- 215 - 









t*M»j »pina flvou 3*i mm - 10 p*io 


* n’tin’ rMNitt Jimyo 10.6 


kPk ,ooion o*mn miKm Pnn o’o pn kP ,onao o»aiA mmyo o’ 

.onnnn miKm noPn ,o’anno pPn miKJio 
juPaPa mm ,o”iPnn ,mi,m 2 ,m 3 o’an noiPo Po mnyo Py Pdiioj 



10 .id ivs 


:10.10 mm iKinon piK 3 ,noo rmon 
,m 3 >m 2 ,’3i nPKoo ny’Ko mnyono oa pm 
.a 1-3 poio m i noon minn hk k^oi 
o’ann nmyno *po yaw it nPKoa >oipn 
Po nmKm nom nyin iiPaPaP mwp m 2 -m 3 

.mi noon 

nmyon py PanonP K’n ita nPKo mnaP -ptn 
miKn mo nmyoi jinsoa m>K iP’kd m 2 -m 3 
-man miKO mo ronyoa kPk ,g K’n mian 
imo ,g’=g+ai :K’n miKJin .nm’ nPm 
.pan hid miKD pmP mian nPAPAn miKJio 
o> voay .myiKnn onan K’n mon’n miKnni 
.mwm ni’K nPAPAn lP’Ka ,nPKon dk ninaP 

.m 3 -i m 2 o’ann oo Py nP’nm ,pp Panoj 
.a pPo miKJiP Knpj 
:p niKiioon 

SF = ma 

m 3 -g’ - T = m 3 -a 
T - m 2 -g’ = m 2 - a 




:iKPO 


T=? srS^-8' = ? srl^-<8 + a >> 

m3+m2 m 3 +m2 


pmo ,owa Kin nym jiPaPaP mnian o’onn 
EF=0 :noo mon nPAPAno 


Ti-2-T = 0 => Ti=2*T 


T T 
Ti 



mrg 


SF=ma :Kin mi nooP mniDn o’onn 

mrg-Ti = mi*ai 

iiksoo no’in mm ,Ti-P nonn ok am ok 

:P3pj ,T-P 



mf(m 2 +m3) - 4»m 2 -m 3 
mi*(m 2 +m3) - 4 • m 2 ■ m3 




g 
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poio >pina m>on an m>ya - 10 pna 



Y 


mio m moov iop <)U ini <pu nnpo Py Panoi 
)>a *yia>n vkv noji ,M moov yaivo iw>b Py 
.nannni yaivon niv>on vai o’ann 
on>3m <^nn Pv nyunnv Kin ir nPKva >vipn 
>a yaivon niv>on yia>v tiikP m>K ,ypnpp 
.yi ioyya yaivon mv>on 
:o>aun ovo anK Pa Py o>Pyian mninn jik oonvi 



mg 


********** 

,a m -n o’a’ann 
N2-sin(a) = M-a 


>Ponun man Kin N x man 
niv’on Py nasnn nP>yaov 
n 2 ’Ponon mam .yaivon 
m noon o>P>yaov man Kin 
Py nr M yaivon mv>om 

.nr 

m>K m noon nynnv pvao 
pnai .yaivon niv’on pi>aa 
.>aiKi >paiK o>a>y ov Py mman dk 
ova m noon nsiKn iiki a M -a M noon nsiKn ok poi 
:on M noon >a*P mman mKiivo 



•**»> 


N x - Mg - N2*cos(a) = 0 
N 2 -sin(a) = m’a mX :tan m noon >a*P mman mKiivo 


mg - N2-cos(a) = m-a mY 
*ja D’oPyi nv>ona mKiivo yaaK lap v>i) moon i>a nav’p kP na ay 

(ono>a navpon nKiivon lap naonv aiaav 
yaivon aiv>on ,yaivon aiv>on Py nKUoin na>ao naayo Pv oao naipio 
jik ]ooi ok .yaivon mv’on aaioa Kin nPipvn nsiKnn pi>a pPi rr o>k 
nuiKJin pi>av naaiyn >nn ,a m ’-a yaivon aiv’oP on>a m Pv nniKnn 
a m y’ _ tg ( a ) :K>n yaivon aiv>on aaioa Kin nPipvn 

3 m X 


ik ypapn naayoo naaoi K>nv >aa Y pi>aa nuiKnn pa Paan i>k ,PaK 
a m Y ’=a m Y :ppi yaivon aiv>on oy am nyin naayoo 

Py .momn nsiKnn K>n yaivon aiv>on naayoo naaoin X pvaa nuiKnn 
nuiKn Pv >avnn pvan nK onnav PP*ai ,av> ipa momn nuiKnn nnoo >a 

:Papi ,nPKov m noon mnKn Pvi ,m>o> M noon 

am x' =a m X - (-aM)=a,n X + a M 


a amV Q = tg(a) :Papn n>m 

a m X a M 

.n>o>onn nnwon >mn 
:yro ,M noon 'iwft ,niKiiwon inna 

_ m «sin(q) -cos(a) 
aM M+m-sin 2 (a) ® 
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poio >pma m>an aa jivjia - 10 pna 




’h non 

.o’pPn omovon Pa .Ppvo >wv Pv o’aso nviPv 709 P .1 

Td’asono TnK Paa m noon >no .k 
T d’asono *tnK Pop .d’omno *rnK Paa nm’non ’no .a 



novo Pv nno 5 kg inoov .2 

Vd ’ooon *pa»nn o*rpo .’paw 
,0.4-P nnv novoni ^nn 
,lkg nnoov nov nooP nwp <inn 
.’D3N n’ppl 
?*pa’nn mo mo .k 
yiov ji’Po’oaon noon mo .a 
lkg Pv noon dipoa niPoP 
?nvon imi’jiv oaP 
.nmap nnmoa nyi naapo ona ooso 4 *r’iaP .3 
?onpono *mH Paa novnni o’aun pa ’ovpn iiamn oapo mo .« 
?onpono ann Paa , 0 ’awn yn avpon oma mn’non mo .a 




io.i 3 tps 
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(4) 


(3) 







































1>oi>i >pwa mum a*» m»ya - 10 jrtfl 


oy 71am i>n ,(m 2 > mi) m 2 -i mj moon bw q>jw o>aso 6 700a 
.nnot o noinn noo .71am maon mtu^n .nowon 
?o>auono *mK aaa m 2 -imi moon ay o>ayi9n mnian ono .n 
? o>ayono *TnK aaa .nanyon aa ay ,aipwn man mo .a 
?o>auono inn aaa moon nmnn mo .a 



4 


aw now nooa nmwpn ,Skg aw noo ay ayia ma ona o>aso 4 703a .5 

.0.1 -P tmiw nowom o’aun i>a >oj>pm >ooon 7iamn >o*tpo . 5 kg 

.nnor o noinn nooi ,71am mnon maAaAn 
?o>9wn mjiNn mo .h 
?o>9wn ox nanon oma mnmon mo .a 






( 4 ) 


10.15 IT'S 


( 3 ) 



























povi >pma nvflu a*) m>ya - 10 pna 


.4 m/sec 7v mr>7mm nnmo n7apo nanyo ona o>aso no>\y i>iab 
. 0 . l -7 now nooom o’ann pa >oi’pm >ooon *pamn >oapo 

.nnor cnjinn noo . 71 am mnon m7A7*n 


VO 




v 0 


ill 


4 kg 


( 1 ) 


.6 



?o*ayono anx 7aa nanyon nswn >m 
7v nuwxnn moon 2 700 a ,o>a^ono anx 7aa ,pnynn mo .a 

?nyujm 

pt7 ay ix ,nnvsy7 ay patn 7w mspaiaa mnmon 7o oonv .x 
nyya H'y <p*m na>oa ,nyunn 7o muoxan moon 20 7o 
,it7 it maios moo >no «)ma 100N 'yv no ona o»a^o nvn7o 7 oa 7 .7 



oy 71 am pxv nrona own <pxn 7y «p* 7a 7>yaoo man mo .x 

?nooon 

7 ia>nn >oapoo nmna own <\\xn 7y <p> 7a 7»yaoo man mo .a 
70.1-7 o>m> nooom cpaom pa >ooom ’tmpn 
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aa aoysr-10 pn 


.nnor o>oinn noo ,nP it imwpn moo 01P0 Po o>aso 6 yysb .11 
*rnK Paa ,o’oinno *tnK Paa mn>non >noi nuiKnn >no .k 

?o’pPn o’nooon ok ,o>Kan onsono 
“tok Paa ,o>oinno *rnK Paa mmnon >noi nsiKnn >no .a 
-P omo >oi>pm >ooon *pa>nn >o*rpo ok ,o’Kan o’auono 

? 0.1 




2 kg Po nooP no*m (mpo Paa row) m non ona o>aao oo *t>iqp 
.2 kg Po nnt noo nooP nnno nyiap nwnoa yoP 
| , 0 . 4 -P oPia omo *jia>nn >o*rpo 

I ?m noon >no .k 

| msmm 

p— 2 kg ok nsiKiwi >no .a 

I ■ '. nPm m noon 

| lO O’OO >3 

jd—. hksoo noon 

I ■ 

p m ?’K a 



10.22 TPS 


.12 


- 222 - 































































V©vj >pino m»an an m»ya - 10 jrw 


rnt7>»An moo .iW n mnoinon moo »no 'jv now o’oso 7 *joo> .13 
mPPm o»oinn noo .mnm >o on pt inKb oa *1001 n^on .mnor 

.nnot 

?7io>n vk ok ,o>oino mnrnnom ,moon ’no 'jv msiknn ono .k 
1>o >ooom >oopn -jimnn >otpo ok ,momnom msiKnn ono .0 
(*po>n wo )>h 100 5 n*ipo ^7 ono) ? 0.1 on na^nm moon 
,( 5 ) -1 ( 2 ), (1) onpoo ,’K <)>yoo wowiin minoo on *re>o .a 


?i kg nmn npn nbAWn noo ok 



10.23 TV'S 
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pwj »pma m>aw a*) m»ya - 10 pna 


*yia>nn >oapo .« >ai Py n niKyom moo >no Po o’aao 3 *jo^ .14 
m! = 2kg ; m 2 = 1 kg . 0.1 -P OOW nO’pm moon 



(3) 

*rnH Paa ,nyiap mamoa yop mi nooP omw F man mo .k 
( nvvw9K mo o> (3) asoa) ?o’ason mnPoo 
?o>avon noiPoo anK Paa ,m 2 -P nwpn oina mn’non mo .a 
>a pp man ok ,o>ason nvnPoo anK Paa ,nmKnn >no .x 

?’K <)>yoa DKaoo mano o”w 

>9 Pm man ok ,o’avon noiPoo anK Paa ,nviKnn >no .a 

?’K <vvoa jiksoo mano o»w 

oooo omna nononp Pia> F ma onao oow o>avo 6 i’39P .15 

on o>9un pa *ria>nn >oapo .nanwo nswna von naavom 


:*wKa nDnwo naiKnP F man Po noaKn omnn mo .0. l 

._ .nvwom o>9un pa *pam ^k .k 

l ke .0.05 K1n fwvoni o>9on i>a *pa>nn oapo .a 



(6) 10.25 TPS (5) 
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poi>i >pma nwm an m»ya - 10 pna 



1kg 


J 

2kg 

L 



10.26 ivs 


’A non 

.moo >no w by n> mmio mbyo 71113 .16 

moon >jio by o>byian mnian ono .k 
bo nyiap nswra nbiy mbyon iok3 

? 1 m/sec 2 

moon >n\y by o>byion mnian ono .a 
nyiap nyiKita mu' mbyon *iok 3 
? 1 m/sec 2 bo 

moon mo by o>byian mnian ono .a 
? mbyon jik p>tnon bann pno ok 
< pA o>a>yo moon >jio oipoa .*t 
. a imnto yaioo *no>o by m mooo 
baa .ypnpb mom noon jisikji >no 
o>a>yoa rmuio o>ayon jioiboo inn 

?>a - ’K 

o*rpoi fi s Kin >ooon 7iamn o*Tpo .71am o> M nooi m noo pa .17 
moo jitiv Kbi M noon oy nyi m noon . fi K Kin >oi’pn *yia>nn 
.F oiam nia nbyano nKsuia a nmKJia ny>KO iroa 
1 >ai mboo>on nsiKJin pa nopn mo .k 
? 7iamn >o*Tpo 

>a nbm nsiKJin ok *yia>nn nia mo .a 

? 0”10 

>a mop nyiKim ok 7ia>nn nia mo .a 

w , ?0”AO 

n*i’n»b M noon jik innn F man mo .7 
?onpon Jioiboo mK baa .nsiKJi 
Jimio ’paiK nooo by nyoim M noo by .18 
pnb miou m 2 noo noo . mi noo 
-pamn >o*Tpo .yob moam K’no piKa 
noon pab m 2 -i mi moon pa >ooon 
.noKnna ^ 2 -i m on M 
M noon bo mbomon nsiKJin >no .k 
? bia’b Kb mi noob onAJio 
>07po pa onm mmb a»n no .a 
Kb mi noKao moanb na 71a >nn 
?nbao Kb m 2 noon oa np’bno 

Kb m 2 noob oi*iajio M noon bo mbo>oaon nyiKim mo .a 

?p>bnnb 

’A 7 >yoa jikuoo nsiKJia OKn ,ni~f*2 >KMin o»pnoo pm ok .7 
?m ayoa mby byian *yia>nn nia mo ?m 2 noon jvni> 

-i »k o>a>yoa vikijio o>ayoa M noon jik <pinn F man mo .n 

?’A 



10.27 IVS 



mi 


F 


M 




0 0 " 


10.28 ivs 
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pjia *pyra m> 9 « an m>ya - 10 pa® 


□no anN an ayv ooprf ’0 ov ilno ,g aaian n^inn nano! noon .19 



10.35 TI’S 


.jinn aa l kg av moo van 
pmono oya Inn nnnym lkg av noo 
nnnyon mnNm PNOvn pool oo>n 
asn lkg lv noo nnNvjv ay ,naaoi 


:p Papnnv niN^inn .pa’ 


mi [kg] 

m 2 [kg] 

mi+m2 [kg] 

mi-m 2 [kg] 

a [m/sec 2 ] 

5 

5 

10 

0 

0 

6 

4 

10 

2 

1.97 

7 

3 

10 

4 

3.94 

8 

2 

10 

6 

5.91 

9 

1 

10 

8 

7.88 


p aninn miNn jin nvna mm o>noo unjN mnm nt’N .n 

?nnNinon nnnyon 

.moan vnan av n>apji9a nsiNnn av ’/oonv .a 
.naaoiv aaian nsiNn jin inino >/nvn .* 

Nai aNov asa v°’ moono JinN jin oy9 ana onnyn yno .a 

?>noia pmono njiiN uanin 

?nn>n ay nvyj ’fwi on ’loan niNyin nonvo on ny’n .n 
naiain oyi naiNn oy iia>nn on noon niNyin nonvo on ay>n .i 

?not n’n Na 

jiyiNJia pnnn nnv n>n> iyimvv in oonva nv9N ini nt’N .t 

?anian 

,’p9iN novo ay lkg av noo nnsm , aaian nsiNn nN’soa noon .20 
ay nnoon noon ay .lkg av nov noo ,naiai ina nPN nnaini 
nonon lkg av niapvo yaaN riy ,oio ina mnvin paiNn novon 

.nnann nooa nin>nai nNsma 
.o’noo av ivyi 
avNa ,nnnyon mjiNn naaoj ’N aoaa 
noon p napvo o>a>ayo oy9 aaa 
.nnann nona nnnon 
aaa avNa ,nnnyon nuiNn nnnoi ’n noon 
.nnnon noon p napvo o’paoo oy9 

av nmpiiaa naiNnn av ini >/ooav .n 
. aapnon lain inv yno >/aaon .’n aoaa nunnnn noon 
.<pin iino aaian nsiNn on avna pa ay>n ’/aaoni 
.’a noaa i/(M+m) av n’^poan nsiNnn av ini >/ooav .a 
on avna pa ay>n >/aaom .anpnon inm int yno >/aaon 

.lain p aaian nsiNn 
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fitroi *pma iwai* an m»ya - 10 pna 



mo>o mnoa *pam >aa n*ni> naAy .21 
noo nmio naAyn ay .a immo yawo 
.*pam y» naAyn i>aa m>ao m 
ay naAyn na>yaoo >aomm man mo 

?m noon 


m 2 -i mi moo mo 7010 F ma .22 
naAaA ttt na n nnwpn (m 2 >mi) 

.noo mon 

.man naiya nannn oaa nasnn ay mmio moon mo 
aaa moono nnK aa nmKn >no .k 



:o>Kan o>asono *rnK 
F < 2 -mi‘g (I) 
2 -mi-g < F < 2 m 2 -g (II) 

2 m 2 'g < F (III) 

pa nopon aana mnmon mo .a 
?o>asono thk aaa moon 



10.32 TPS 


>» ay M=lOkg noo <inn F ma .23 
mm ,m noon ay ,’paiK mo>o 
-1 m 1= 1 kg moo mo myj .oPaPa 
.* pam naa m 2 =2kg 
onA>o >ao»oaon F man mo .k 
? aia>a h '? m t nooa 

mano o’oo >a am man ok .a 
aa naiKJi >no /k <pyo jiksoo 
?nas»na oma , moono imK 



mo *p*r nmop moo oiao ao naayo .24 
.noo maon maAaA 
o>o»pno ok m 2 noon mmo mo .k 
? m3 = m 2 ; mi^ m 2 + m3 :0>aopn 
o>o»pno ok m 2 noon nmKn mo .a 
? m3 ^m 2 ; mi = m 2 + m 3 :o>aopn 
?>aaan napoa m 2 noon nmKn mo .a 
noon ok aanon oma mnmon mo .7 
noiaoo arm aaa ,napma mvayn 

?o>aaon 
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povj >pma m»au an m»ya - 10 j no 


nyiap nmnna oaoo m noo Vya <pp .25 
n*ion dVaVa rn nwpn Van Vy a 
.ypnpn Vy nmion M nooV ,noo 
kV noon ok ,Vana jimmon mo .k 
? na:nn yo noonno 

on>m> o’Voomn naiKon mo .a 
?niVyV M nooV 

f)ipnv nnpoa M noon mikh mo .a 
? a nawna nViy 

,VoVvo <)ipno Vann *pw mo .*r 
?nyonn nVmno pm V\y n^piiaa 


10.34 IT'S 



(3) 


10.35 ivs 


- 228 - 


















































ITOvj »pina uvau avtmya - 10 p*« 


iflbNiyb nniv/n 

m=lkg (3) m=3kg (2) m=3kg (1) .N 
T=0.9N (3) T=29.4N (2) T=29.4N (1) .3 
m = l. 15kg .3 F = 16.97N .N 
fi=0.144 (4) /*=1.15 (3) yti=0.51 (2) fi=0.25 (1) .K 
T=29.4N (4) T=29.4N (3) T=5N (2) T=9.8N (1) .3 

FT=(ni2-mi)-g (4) Fr=m2-g (3) F T =F (2) F T =0 (1) .3 

F T =F-(mi+m 2 )-g (6) FT=(m 2 -mi-sin(a)-g (5) 


m 2 -mi 

m 2 +m 1 


•g (4) 


a =——*g (3) a=- 

mi+m2 mi+m2 


(2) a=0 (1) .X 


a _ F-(mi+m 2 )‘g a _ m 2 -mi-sin(«) 

mx+m 2 m2+mi 8 ^ 1 

a=12.03m/sec 2 (3) a=4.61 m/sec 2 (2) a=9.02m/sec 2 (1) .N 

a=4.865m/sec 2 (4) 

T=69.2N (4) T=88.87N (3) T=72.05N (2) T=50N (1) .3 
a=3.92m/sec 2 (3) a=2.61m/sec 2 (2) a=-0.98m/sec 2 (1) .H 
a=-0.57m/sec 2 (6) a=-l.96m/sec 2 (5) a=1.96m/sec 2 (4) 

x=11.92m(4) x=15.84m(3) x=13.22m (2) x=6.04m (1) .3 

x=6.84m (6) x=4.08m (5) 
F ab -40N (3) F AB =40N (2) F AB =60N (1) .H 
F ab =40N (3) F ab =40N (2) F AB =60N (1) .3 
T’=15.68N .X T=7.84N .3 a=2.94m/sec 2 .H 
T’ = 15.68N T=7.84N a=2.09m/sec 2 .3 
T=2.09N .3 a=4.85m/sec 2 .X a=7.6° .3 .331> 7101 mi .K 

F 3 =-9.8N ; F 2 =0 ; Fx=9.8N H 
a 3 =-3.27m/sec 2 ; a 2 =0 ; ax=l.96 m/sec 2 .3 
v=9.8m/sec .3 v=9.8m/sec .X 
H a=12.5m/sec ; Tx /2 =12.5N ; T 2 /x=37.5N (1) .N 

a=1.663m/sec ; T 3/2 =16.3N ; Tx /3 =11.43N (2) 

a=3.81m/sec ; T 3/5 =29.94N ; Tx /3 =3.81N (3) 
a=5.8m/sec ; T 3/5 =20N ; T 2 / 3 =23.4N (4) 

n a=0.9m/sec ; T 2/3 =21.4N ; T 3/4 =24.1N (5) 

a=4.9m/sec ; T 2 /x=9.8N ; Tx /5 =24.5N (6) 

a=11.52m/sec ; Tx /2 =12.5N ; T 2 /x=37.5N (1) .3 
a=1.14m/sec ; T 3/2 =17.32N ; Tx /3 =10.94N (2) 
a=3.42m/sec ; T 3/5 =31.9N ; Tx /3 =4.4N (3) 

a=5.43m/sec ; T 3/5 =21.8N ; T 2 /3=24.22N (4) 
a=0.27m/sec ; T 2 / 3 =20.13N ; T 3/4 =23.88N (5) 
a=4.655m/sec ; T 2 /i = 11 . 27 N ; Tx /S =25.72N (6) 

m=7.02kg (2) m=2.4kg (1) .N 
a=0.66m/sec 2 (2) a=11.76m/sec 2 (1) .3 


.1 

.2 

.3 

.4 


.5 


.6 


.7 

.8 

.9 

.10 

.11 


.12 
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iww >p>n 3 jmoiA 37 ww - 10 p*»a 


a3=2.8m/sec 2 ; a 2 =1.4m/sec 2 ; T3=8.4N ; T2=16.8N (1) .K .13 
a 3 =3.27m/sec 2 ; a 6 =l.63m/sec 2 ; T 3 =24.5N ; T 6 =49N (2) 
a 2 =3.92m/sec 2 ; a 3 =3.39m/sec 2 ; T=11.76N (3) 
a 3 =2.67m/sec 2 ; a 2 =5.35m/sec 2 ; T 3 =21.38N ; T 2 =10.7N (4) 
a6=5.6m/sec 2 ; a4=2.8m/sec 2 ; T 8 =25.2N ; T4=50.4N (5) 
a 4 =1.09m/sec 2 ; a 8 =2.18m/sec 2 ; T 4 =43.56N ; T S =21.78N (6) 
a 4 =3.27m/sec 2 ; a 8 =1.63m/sec 2 ; T 4 =26.13N ; T 8 =52.26N (7) 
a 3 =l.96m/sec 2 ; a 2 =0.98m/sec 2 ; T 3 =8.82N ; T 2 =17.64N (1) .3 
a 3 =2.7m/sec 2 ; a 6 =1.35m/sec 2 ; T 3 =25.35N ; T 6 =50.7N (2) 
a 2 =3.39m/sec 2 ; a 3 =2.935m/sec 2 ; T=12.82N (3) 
a 3 =2.32m/sec 2 ; a 2 =4.63m/sec 2 ; T 3 =22.45N ; T 2 =11.2N (4) 
a 4 =0.71 m/sec 2 ; a 8 =1.42m/sec 2 ; T 4 =42.04N ; T 8 =21.02N (6) 
a 4 =2.7m/sec 2 ; a 8 =l.35m/sec 2 ; T 4 =28.4N ; T 8 =56.8N (7) 
a 3 =2.61 m/sec 2 ; a 2 =1.31m/sec 2 ; T 3 =7.84N ; T 2 =16.98N (1) .A 
a 3 =3.09 m/sec 2 ; a 6 =1.55 m/sec 2 ; T 3 =23.98N ; T e =49.5N (2) 
a6=5.4m/sec 2 ; a4=2.7m/sec 2 ; T 8 =26.36N ; T4=50N (5) 
a = 1.63m/sec 2 .7 a=0 .A T=0.98N .3 F=4.9N .K (1) .14 

a= 1.96 m/sec 2 .7 a=0 .A T=0.98N .3 F=3.92N .K (2) *s 

T=12.58N ; 5.11N .3 F=8.66N ; 14.93N .K (3) 
n!7yo a=1.2 m/sec 2 ; 7.47m/sec 2 .*r noo a=2.17m/sec 2 ; 0 .A 

2.94N < F < 8.82N .3 0 < F < 5.88N .K (1) .15 

0 < F < 19.6N .3 2.94N < F < 16.66N .K (2) 

0 < F < 24.5N .3 0 < F < 9.8N .K (3) 

3.14N < F < 26.26N .3 6.86N < F < 22.54N .K (4) 

4.9N < F < 14.7N .3 0 < F < 9.8N .H (5) 

0 < F < 128.2N .3 0.46N < F < 126.9N .K (6) 

g*sin(a) (3) (g-1)-sin(a) (2) (g+1)-sina (1) .7 .16 

F = mg'2^ x f=2-m ‘g 3 a=g//fs K .17 

r (m+M)' _ ,, _2-(m+M) r, _(m+M) _ ^ 
F 3„ T - r . g , F3 --- giF, — .g .1 

m-n’rH 2 -g P -7 a=// 2 -g A a min =g/^i .K .18 

F=(M+mi+m 2 )-g ’^2 (II) F=(M+mi+m 2 )-g/^i (1) .n 

.noo non o>oinn ,*p3>ni noo mon iPaPah .k .19 
g=9.85m/sec 2 :^K3Q g/(m!=M 2 ) Kin «pAn yia’O .A 
yi3p mi+m 2 710\iP >73 .7 

mmno n>n yia>on .n 
7ni> pp n>n g .i 
(mi-m 2 ) n>3pJlQ3 a(mi+m 2 ) .1 

N=mg-cos 2 (a) .21 
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»pina jwu an nvya - 10 pan 


®mi f/2mi g ; a m2 -0 (II) a mi —0 ; a m2 -0 (I) .N .22 

a mx=a m2 =F/2m-g (III) 

t=F/2 .1 

a M =10.36 m/sec 2 ; a 2 =6.72 m/sec 2 ; .1 F=63.7N X .23 

ai=10.98m/sec 2 ; a=-19.36° 
a 2 =[(2-m 2 -mi)/(2-m 2 +mi)]*g .X .24 

_3■mi-4m 2 -(mi+m 3 ) _ „ 

a 2 - 2 —a -'8 

mi+4‘m 2 -m 3 

_ mi-(3m 3 -m 2 )-4-m 2 -m3 
2 mi• (m 2 +m 3 )+4'm 2 ’m 3 ® 

T=4-m 2 -(g+a 2 ) .*f 


. (m-M) -g * ma 


■X a min =(M-rn)-g/m .a T=m*(g+a) .X .25 


.lf(m-M)-g+ (m+M)-a' 


•t 2 .7 


a 3 =2.31 m/sec 2 ; a 5 = 0 .58m/sec (1) .26 

a 2 =-2.2m/sec 2 ; a 5 =0.2m/sec 2 ; a 3 =1.8m/sec 2 (2) 

aio=0.414m/sec 2 ; ai=0. 266 m/sec 2 a=81° (3) 
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ipe pn ^ moban man - 11 pna 


11 p*i 9 - 

mon 


N110 11.1 

ninian noKa ,o”mpnn unim mob nnnn noin bo miaji K>n JiooobK 
.ojibiya jik o’p’oao .uiniai inaoa ’mob ionxi vby ibyao 
onopa mw ih mvy ms>b na p’aoo o>prn <pin by o’byian Jiinian ok 
.ibo nooobKn jik *raKo Kin ,noinn bo o’nbipbion 
nvoobKn bo oinnn *yuia ’oobK <)U by o’byian nimaa pm nrn pnaa 
.ibo nvoobKn jik *nKO u>k nun ,nnpo baao non ,ibo 


m 


pm pin n.2 

nmnn K>n ,moba >oobK <px bo Jioiajin jik nKnb na oojioj na noirrn 

:oi>03 piKa onnjion jik nKiw .'(’ap bo 
noKa KUOi Kin ia *piK o> 'fap bab 
1 aso) Lo-a m -piK poi .nnooa Kin 
on>yn jooKn jik yap3 .(ll.l mon 
.m anon noon jiksoj na nmpia 
auoo x pnno 'papn jik o>njno noKa 
b’yao ,(U.i m>ya 2 aso) ibo nnuon 
no’ on>a (F) ib*rua >ibJin ma ^’apn 
nn’Jiono baa .nnoi Kino (x) pjiyna 
.njiv bm man b*m *p ,njiv nbm 
F = k-x 


1 ) 


immm 

. W///Z, . 

Lo 


2) IDTOTOUTOI 


m 






m 



+H+ 




.nnuon aso >aba Kin man pva 
pnnoa '(’apn jik '(iiai ok ,non piKa 
m>ya 3 ayo) ibo nnwon asoo x’ 
ayo pvab ma ^>apn b’ya> ,(ll.l 
.•’(loan jii’oa >ibn ib*mo ,nnuon 
F = k-x’ 

.pjiynn pvab -pan man pva ,*t>oji 
nnK nnoiib jiiKnown >no jik nam 
x :iiii>a jik 03 man bnnb <pua nb’aon 


-x’ 0 x 
nun mu :ii.i ivs 
.pnunn irnl lion 



(11.1) 


.ibo JivoobKn omjia <iixno pt ba «ipn Kim ,pm pin Knpi nt pin 
bo iptin jik y’aoi '■papb 'papo mjioon yiap inr .'papn yiap Kipi k 

.'papn 
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<papn*- woVNnman- 11jr» 


F 

k = - :Nin ^>apn yiapo niNia noaN ll.l nnouo 

.pmo m>ma 'fopn (^n>a in) nmnoa nmn man - yopn yiap 

[k] = [m] :pt» ,p ^>opn yiap ao nn>n>n 

pan *T>on mano N>n imyooo ,na*i mawn o> ll.l nnoua yaion (-) -a 
naNoo Nin man ,apoon ni>o avoo nj>o> ^’apn on) pnyna uioaa 
apoon >n>o aso )ioaa *r>on ayian ,*i’tno ma imo nnoiN imt (,*ya>nni 

.nanyon ao 

.nanyon ao apoon >ii>o ano )ii>aa *T>on avian ma - n>rno ma 

U 

wun mana N>n ,0000 ^>ap ao 'fapn yiap nN>yoa nnva no wan *p*rn 
ONa oNa nanyon jin nnnoai ,nyn> m nnooo non iPn mopa ,-piNoa 

.apoo w ao avoa iyo> 'papni noono *p 


■///////////, ?//////////, ‘//////////A V////////A 



.aptun ■’iT'iu asna un 1 ? iMrt nN 2 ini pap “ju fprtnn non : 11.2 nrx 


niai ,mg noon ao napoo on m noon ay oPyian ninian ,m avoa 
-a apoon >n>o avoa iao nnoon avoo '■papn ao nmnon on iooj .^>apn 


kx 0 



mg 


•x 0 

•pan) nayo >aaa Nin ^>apn ma pva 
ia*mi (noo >aaa Nino pnynn )ii>aa 
unpa (-)-n hn *-kx 0 Na) kx 0 :Nin 
.(man iii>a ny>apa paona 
:apoo >n»oa DNVOi noono pvao 

SF y = 0 
k-x 0 = mg 


1 - - m e 

x 0 m 


( 11 . 2 ) 


ism mmDn :11.3 tps 
.^pron ^iroj 
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<papn - n>o*xn man - ll pna 



apmn an-aumru’a :11.4 tps 


Pv Ppvrp m>o asoo ,o>xn n nmno 
m>o a^oao aiya ,mno ^>apn >33X ^>3p 
.naa ^>aan >p9ix ^>ap Pv Ppvio 
>Pnn ma xin ^>ap Pv mano pvao 
>30>a >t>P xa nr) pnyna ao> on>a 
nswxa nprna y>aio x-o 73 a nnoua 
nnr Ppvrp Pv naom Pp [PvnP ,x 2 xtn 
)n>3 .pnyn imxa ^>apn iaix nx 
ia oono>n)? ,^>opn viap yn> ox ,pa 
maaxnn P» man 3poo *to .Ppvrp aoa 
.aooio3n xap3 ^>ap 


.yap maiNiin musnNi 

moa 0 »yap naoo nn>n 11.3 

m noon nxi ,nr anx nr o>2>3p 00 ,anx ^>ap oipoa aarn ox mp> no 
.mw moaa *jaxn> o’S’apno anx Pp Tpnnnn ^>app aam 
xi-a iiPyn ^>apn maaxnn nx 1003 
.x 2 -a pnnnn ^>9pn maaxnn nxi 
o’s>apn >30 nx ^Pnn^ oniox i3»n ox 
*yaxno n>n xin ,>a>op9X ,’o>3o ^>9pa 
Pv nviaaxnnn oiao x>no x maaxnn 
x = xi + x 2 :o»3on 

non xmo nmna ,o>^>apno anx Pp 
m noon t>poo nx pa io^ya p>rno ,noo 
,niio lamxt? mn>non >33x oinao ioa) 
\\pp .(noo non xino nn3na 


<—^ kt 


"V 

xi 

. 1 ... 


T*, 


* —>>k 2 


X 2 


m 


■mu niTi :ii.5 -ivs 
.D a| 2Pgp *?qj 


mg = k!-xi 


mg = k 2 *x 2 


xi = 


_ mg 




Y _mg 
“* X2_ ^ 

:>a>op9xn ^>apn >p\P 0 x 1 


me 

mg = k ef fX => x = 

:Pap3 x 2 -i Xi Pv olaon xin x-o )ii>ao 

mg _ mg + mg 
keff k t k 2 


1 _ 1 ; 1 
keff ki + k 2 


:)X301 

(11.3) 


.nr anx nr onainon o>n>9p Pv 3900 PpP nanana n3n>3 nnoon 
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^>9pn - >ooPno man - 11 pna 


b’apoa o’nr o’*’3p aaoo *na>n ua 

. 7 fi> iPy 9 > oompn >ao Po mman ,nr -tutr nr o>nt onmp >ao nana on 
(. ini’ naaioo nyamni aia>oP oa nanyoP ioia> o>aw onmp) 

:o 9 NP mw noon Py ninian Pipo 

sf y = 0 

mg = k-x + k'x = 2k-x 

>av jin <pPnon pi’opoNn ^>apn yiap 
: ooiao pP Nin ,o>y> 9 pn 
k e ff = k + k = 2k 

PaP ,p 1Q P ,naninP nano nn nnoun 
onainon ,o>nt on> 9 p Po 5900 

.Pnpoa 


keff = n-k 


.x 0 Po pmo nnonP iP noiui >aaN ipapP mwp m noo 
P’apoa G’pPnn >ao jin onano ,o»aoP ^>9pn jin o>anin 
?^>9p P3 *pNn» noa .noon nJiiNP aw onanoi 

I’9pn nmnoo JinN Pa Po ^>apn yiap mo Nsoa )wni aPoa 

a ifUi’nn anNP 

jin poa .\’9pn nmno >nw Po mama nipon ^»apn Py Panoa 
^>9p nnno Pa Po >j>9pn yiap jini ,k-a nipon 'papn yiap 

:Papa 11.3 nnoiao k’-a 

1 = 1 . 1 

k k’ k’ 

k’ = 2k HNaoi 

>9 Pm ^>9p yiap w> ^>9pn nnnoPo N>n ny>ji9on napoop 

j nipon ^>9pn p o”ao 

: Papal P>apoa ^> 9 pn nmno ow jin nana own aPwa 

keff = 2-k’ = 2-2k = 4k 

.nipon ^’9pn io yaiN >9 Pm Pipwn ^npn 
ililil :piwn o”pnn onpv pmo 
•p’lwn o»pJio iwayi 


mg = k-x 0 
mg = 4k-x 0 ’ 


(11.4) 

:noAn 

II 

: p-tno 



’rapn na^n :il.6 tps 

DVIT *201 


























































^apn - n>oPNn man - li pna 


-k-2 

■4 - 


k 


Will' 

m 


Yap nyavna nyun n.5 

o>P>n non nnKi .o»n>ap o>anipn onn o”ooo o’nnn Pp inan vonp *tp 
nomnn npnna poipn p*iap movo pm in dki ,y s P npaona npun Pp 

.'fapn mn npaona doiaih nponn mw K>no 
ik nmn >paiK >papp nnwp non nitma 
Po man ,pPn novo Pp K^mn .'pan 
* :Kin noon Pp Ppian 'papn 

f = -k 1 

:Pnp3 ,*r>n>n man mrv p’nn 

sfx = m*3 

-k-x = m-a 

3 = -*-S 
m 

Pv man paiK ^>app mwp non nvKa 
:pnp Kin noon Pp Ppian >papn 

f = -k-x’ 

:Pap3 ,mg Ppoon oa Ppiav p>an 
sf x = m-a 

mg - k-x’ = m-2 

nnoon anno ^>apn mono T pnpnn 
ok ii-koo x 0 pnpnn .o>ooo aaaio iPo 
(>paiK ^>apa o»p kP) mg Pponn 
.Ppoon >ipo nmpin aamn x pnpnm 
x’ = Xo + x 

:Knni (11.2 nnoo) Pponn >ivw >Kino 

mg = k-x 0 

:p* 

mg - k-(xo + x) = m-3 

:Pnpi ppaiKn ^>apa mai 

-k-x = m-3 


mourn no :11.7 tps 
.’paw l” 3 p 




-_pk 


<=o K-r 

2 >_ * 


m 


mg 

mourn no .11.8 ms 
• OJN yap 


K>n >aiK ^>apai »paiK ^>apa nnwnn 

:nm pP 


2 = --•* 
m 


(11.5) 


.Pponn »ii>o rmpin onpnn ova ttoi x noKn 
*ya .Ppoon >n»o naipm pnaon op nmonn nnmn K>n OKnno nnwnn 
mpiap nniKna npon Pw niKnooa na onnonP pioko 
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'fopn - >ot?bN7i man - 11 paa 


plan on’o 

? = - k x - pm pin 

.pna» nt>wa x>apn ( 3 N>a in) nwno* vmn wan - ^>apn yiap 

:yapn map na>n> 

l m iniN ^naP in nmnP na l N *re wa ww^sp 're x’ap* viap - 1 ^ 

.>iaa Nin ia asono 

.naayan bv Ppvan »imt> aso )ii»aa *r»»n Pvian nia - a>rno nia 



l l l 

keff ki k 2 

keff = n-k 



- >aiN ^>ap *?v Ppvo >ii>v aaoa 

- nr anN nr a>s>ap aaoo aia>n 
P>apna a>nr a>s>ap aaoo aia>n 

- <fap nvavna wjinu 
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^> 9 pn - >ooPNn man - 11 pas 




in»e*m<»A mbNV 

?pm pm (-) -n myooo mo .1 

?a>tno ma mo .2 

?^>9p yiap mo .3 

?nn?p 9 K ^>9p yiap mo A 

^>9pn map m vopo in amn nr anN nr o>y’9p a9oo mam onh .5 

?»amp9Nn 

^>9pn map im v^po in amo mapoa omr o>m9p aaoo mam onh .6 

?>a>op9Nn 

rnainnn nooi >paiN ^>9pP naamon noo aw naao va ^aann mo .7 

?nnr >aiN ^>9pa 

>aw>na nmap nmNna nyonn mNnooa woiwna aw9N >n yvto .8 

?^’9pa mmmo 

?aooioi>aa owojwo ama .9 
apy wnaiNjm mno n> ay ^>9pn map dn’so *r>anna ,awn yno .10 
?imN naa nnw aanwa nai ,onP noon jin anma ,vaN noo nawp 

yiapw ’p9W vapy nawp m noo .11 
nowo ay nNyoi noon .k iaw ^>9pn 
nmna n» ay '■popn on oomao .pan 
onanwn *p anNi ,A pnaoa noon 
11.9 tps .noon dn 



:Ppwon mw naipia ayi annwn naipm noon nyon jin >/aNn .n 

?nmNJi mw N>n nyonn oNn (I) 

?*pan iaiNa naam roam nmNim oNn (II) 
nmam ma>noa apwon noo imp^a nyuo noon ONn (III) 

?*iaan yop *piNa anva 
?apwon now rmpm nayyj noon ONn (IV) 

:napn imp) ayi apwon now naipm noon nyun iin Vann .a 
?noiNn nw N>n nyuim ONn (I) 

?iaan -piNa naam roam noiNim ONn (II) 
anoa nmain mamoa mompn naipia nyno noon ONn (III) 

?*pan yop paiNa ■ 
?noimpn naipia nayyi noon ONn (IV) 

?nyunn *ywom »no ay x 
naanw na napm yo pnynn aw mapjiaa man <px jin >/ooaw .a 
ayi (x=0) apwon now rmp3 *raa (x=A-a rniiN anaa) noon 
apwon now naipja it naipa pnao) own aaa noimpn naipm 
.noon naanw moo naipaa apwon >iw naipi aw pnaoa mw 
(x=-A-a it naipa poa .Nan pasa r>Nt mao 
? 7 iam o>’p nm on >a-i »x o>myoa mawnn rmrwo on ama .n 
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^> 9 pn - >©o *nn m«i - ll pna 


m»aw*n mbN\y 

’« no-i 

nmon >9iK ^>Qpt7 mwp K’mo Ppvo >ivw jiksoi lkg 'jv mod .1 

?^’Qpn ynp mo .40 cm 

jik n’KvnP >*t9 P’yanP *p*m/ man mo .4 N/m 'yv ^>9p yiap ^’9pP .2 

?i m-9 nmo ^>apn 

hk n>Kvnl7 ’*t9 *r’*m; rmn mo .40 N/m 'yv ^>9p ynp ^>9pP .3 

?10 cm-9 ^iiao ^>9pn 

iPw ^>9pn vnp ok ,2N 17V ms P>y9on >p9iK ^>9p ^mo mod a 

?10N/m 

?nr *mK nr- o’namon 30 N/m 'yv o>s> 9 p >iv 'yv ^>9pn yiap mo .5 

?P’9po9 o’namon 30 N/m 'yv o’U’ap ’iv 'yv 9pn yiap mo .6 

>p9iK 'f9pl7 nmvp Km ivk 3 2 kg 'yv noo 'yv nl7Vi9n nmKjin mo .7 
740 cm "0 tmorn 20 N/m Kin iPv ^>9pn yiapv 
>33K ^>9pP mivp K>n ivk3 ,2 kg 'yv noo by n^yian nmKJin mo .8 
? ’19*1 ^>9pnv auono 40 cm -9 nmoni ,20 N/m Kin i 'yv ^>9pn yiapw 
>9iK ^>9pl7 mivp K’n *ivk9 ,2 kg 'yv noo 9y n!?yi9n nmKJin >no .9 
?Ppvon >ii>v 9uoo 40cm-9 nmoni ,20N/m Kin ftv ^>9pn yiapv 


’a non 

5 kg Pv nooP namo 50 N/m iPv 7(>9pn yiapv ,noo non ^»9p .10 

.(o’pPn o>novon 9a) o’Kan o’ason nvona 
.noon 'yv Q7i7vi9n mnian 9a jik >/oonv .k 



^>9pn 17V (nn>non ik) ^ivan mo 
?o>93ono tnK Paa ,l7pvon >iov auoa 
noon ok (nn’non ik) ^ivan n>n> no 

?0»JV >9 17Q91J1 


.9 

.X 
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T>flj?n - >oo^nd man - n pno 


.100 N/m ttv 'fapn ynpo ^>ap namo o>Kan o>ayon iwftva .11 
___ : 0'Monn inn *>a rsipn mnwi >nn 



ftm\ 


ilH 


( 3 ) 11.11 ivs 

.20 cm-a nnoi ^>apn pain ^>ap!? mwp 2 kg 'to noo nvKa .12 

?^’apn yiap mo .k 
72 >a noon jin ami ok ^>apn nno> noa .a 
?^>apn jiiaiKim naoma noon naom i>a onm mo .x ^ 
iao ^>apn yiapo ,noo non 'pap <pano niKnn manyono nnK aan .13 

,o>omno *rnK ok ,10 N/m 
?na*tyon mnKn mo .k 
? onpono nnK aaa ^>apn maiKim mo .a 


- 2 . 











moPNn man -11 p*w> 


ki=k 2 =l00 N/m dV*>9pn no Po ,>i>op 9 Nn ^*>pn y np inn .n .14 

:o>Non onynn nyaiNn *rnN Ppi 



■ rpap Pp nnni nos ,10kg Po N>n noon on ,4-i 3 onpoo .0 

’x non 

inniNnn jin ommi ,>djn ^>9p Py m non onoip ,non ronym .15 
on*nm ,nn\y nion o>9>oini on>onn .Ppon nvo osnn ^>9pn Po 
.Ppon nvo Po pyoi pyn Ppp ^>9pn nniNnn jin 
? nonn Po n>ypii£D ^>9pn Po nniNnnn <pA nN*o *Ty>p .n 

?<l-iAn yi9>o inn .0 
?^>9pn ynp nN’unP nr noon oononP inn 7^0 .x 
ynpo ^>9pP nnopi ,nnnp Po npPnn nnasn Py nnun 4 kg Po non .16 

.100 N/m Nin 1 P 0 ^’Qpn 



?nnono nnnpn pond ^>apn ^mnn in *pNnn nnp .n 
nynp nnmm nyi nnnpn *ionp ^> 9 pn ^mno in -pNnn non .0 

?ni>n> 5 m/sec Po 

nynp nsiNni nyj nnnpn ponp ,^>9pn ^mno in *r*iNnn nop .x 

?ni>n> 5 m/sec 2 Po 
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<papn - n>obNn wan - 11 jntt 


nyinp miKiia nvj nnnpn iond ,^’9pn ^mnn in riNnn dod ,*t 

?nbNno 5 m/sec 2 bo 

nyinp noiNDi nyi nnnpn "iono ,^’ 9 pn ^mnn in *t*injio nnb .n 

?D3>0» -5 m/sec 2 bo 

nbnn ’D3N ^>9p^ mwp 4 kg bo non .17 
nmioi n>bynn *ioNb .n’byn nnp’nn 
.20cm-i ^9pn nnni 


n>bynn noNb ,^> 9 pn ^inn/ninn nnb .n 
? 2 m/sec bo nynp nimnni ntn^i 
bo nynp rramm nbiy mbynn *ivnd ,^ 9 pn ^ 1130 /mno nn:> .a 

? 2 m/sec 2 

bo nynp nmNJia nbiy mbynn -iond ,^>apn '(iian/nino nnD .a 

? -2 m/sec 2 

,y*ip3 mbynn jin pnnnn ton iono ,^’9pn ''(im/ninn nn3 ,*t 

?n>o9in nb>9n nbsn N>m 
>p91N 'fQpb mwp m=2kg non .18 
noon ,k=50N/m ibo ^>9pn ynpo 
jin o>yii3n .pbn noon by nN^ni 
pmnn nonn n£pn*T n> by 'pspn 
jin o>vinon *p nnNi ,A=20cm 

.nonn 




11.15 TPS 


W////////M. 


?nonn *mno yA*n nonn nsiNn >nn n 
c ?bponn >n>o mipin nonn nyiNn >nn .3 

20 cm N>n nvsyn nnipj) jnyyi nonn iond nonn miNn >nn .a 

.(bponn nvo nnipjb *nyn 

?5cm ^mn ^>9pn *ioNb (pioi b*m) nonn jisinji >nn .7 
?io cm ninn >{>9pn *ioNb dn>bi b*m) nonn nyiNn >nn .n 

bo >bJN ^>9p by 2 kg bo non o»bin .19 
non nonn jin oooin ,50N/m 
,bponn ni’o mipi jinjin 30 cm 

.nmnoni 

?*innon yAin nonn JiyiNJi >nn .n 
jmpj jin miynn nonn miNn >nn .n 
?bponn >ivo 

*ion 3 (pi>Di bniA) nonn miNn »nn .a 
? 50 cm mnn ^>9pn 

*ioNb (pom b*m) nonn mnNn >nn .a 
? 30 cm mnn ^>9pn 


k=50N/m 


^pIUD ■*1T , QJ 

k 

30 cm 


2 kg 


11.17 IT'S 
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^>apn - - 11 p*w> 





k=24.5N/m 

.1 


F=4N 

.2 


F=4N 

.3 


x=20cm 

.4 


k e ff=15N/m 

.5 


krr=60N/m 

.6 


a=4 m/sec 2 

.7 


a=5.8 m/sec 2 

.8 


a=4 m/sec 2 

.9 

X3=0.98m 'yv (3) 

x 2 =0.98m Vv nrvno (2) xi=0 (1) .k 

.10 

x 5 =0.49m 'yv nn’lio (5) x 4 =0.49m 'yv (4) 


X3=1.96m *yv (3) 

x 2 =l.96m 'yv nivno (2) xi=0 (1) a 


x 5 =0.98m *yv nn>ma (5) x 4 =0.98m 'yv (4) 



x=0.49N/m (3) x=0.49N/m (2) x=0.49N/m (1) .11 

Am/Ax=k=98N/m .A x=0.4m .3 k=98N/m .K .12 

a=3.27m/sec 2 (3) a=3.27m/sec 2 (2) a=6m/sec 2 (1) .N .13 

a=2.45m/sec 2 (5) a=3.92m/sec 2 (4) 

x=4.12m (4) x=3.92m (3) x=0.653m (2) x=0.6m (1) A 

x=1.225m (5) 

k e ff=200N/m (3) k eff =50N/m (2) k e f f =200N/m (1) .K .14 

k ef f=50N/m (4) 

Xi=X2=0.9m (4) xi=x 2 =0.49m .3 

k ^>apn ynp Nin yia>wn a .15 
(nn>no) x=0.2m .3 x=0.2m .a x=o a x=o .k .16 

(nn’jio) x=o.2m .n 

(nn’no) x=0.l6m .A (nn’no) x=0.24m a x=0.2m n .17 

x=0 .3 

a=l.25m/sec 2 .3 a=-5m/sec 2 .A a=0 A a=5m/sec 2 .K .18 

a=-2.5m/sec 2 .n 

a=-2.3m/sec 2 .3 a=2.7m/sec 2 .A a=0 A a=7.5m/sec 2 .K .19 
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" mrrnn nrray - 12 paa 


12 p*ia 

TrnjNi ntny 


Nno 12.1 

hkt ,<)1A Po np>omn >no nyaP na 11010 >pma ooonon moaipn o>paaa 
okso .i>Py ninia nyaon apy <iia yo> nyon it>Ka kisoP moPo moiK 
mnKJia nyon niKiiooa ovonon tki ,2 tjikdP naAo sf mnian Pipo nK 
.x(t) , v(t) :yAm yxa Paa pnynm niamon hk kisoP na nyinp 
o>Pia> KP oniK ,yiap nia o>k <inn py Pyian Pipon man aona ,PaK 
nK kisoP o>Pia> v>*ry oniK .nyiap nswna nyonn niKiwoa oononp 
>a pm Pa mnoo nnm nuiKnn Pan ,11010 Po oon pinn natya nawnn 
p .pm Pa mnoo Pipon man 

imn .o>aa*T >noo nnna ainaP o>Py ,mnvo man pao nvya ainaP na 
ay na ovonvno npnannon p ani> naaioo npmono nam Km nnKn 
Paa pnynm niamnP >io>an hk kiuoP ,’PaAoi’K iiaon nKapin ,voay 
nnpaiaa pnynm niarnon Po >o>on aiK>n Py nannon noon *pam ,yAa 
ITT K>n yAai yAa Paa pnym mamon i>a aopn nK mno PaK ,pm Po 
noaiP noaiKno niaoPo pa K>n noaiKn aoio Po nia’onn .noaiKn 
naaiao naayoa noaiKn Po nPPian moan 0010 o>anoa noio nnw 

.pm Pa nyiap naKoi 

nuaiK tihPi aiauP jno na p*m nni noaiKn aoio hk ami nm paoa 
KiaoP noaiKn aio>o pin mm aoaK ay>a ,p anK ,nKai .naiay n> Py 

.anoi auo Paa <in Po pnym niamo 

yiap nia n» by naiay 12.2 

\ .f nia >a> py -jonm <iia Py fa cop Panoi .naiayn aoio imAna P>mo 
1ii>aa pirn Pyian yiap nia Kin man a«ma Kin anva owan napon 

.<1iAn Po nyonn 



x 


pnum iron irtsan km niiijnn iirai Lilian ttid *?uj miiu :12.1 ivs 


pnyna man nPaaoa <iiAn Py F man nviyo rmayn hk nr napoa ami 
mPAiKa) w niKa naiayn hk poi .<iiAn hk pio Kin laaiKPw 

:pp ,mnn naiaym ,(Work-naiay 


w = F-x 


- 244 - 











nnaiNi naiay - 12 paa 


iPn Ji>ma NaN nyunn )ii>aa pina ^nn jin *twio ii>n yiapn man on 
man i>ii jiaoaoa <inn ay man nwiyw n*nayn jin ami ,(12.2 avy) 

.<lixn jin *ywio Nin laniNaw pjiyna nyunn )ivaaw 


pi>aaw man a>aa naaao «>n«)tt ay yiap ma nwiyw nnwn 
,<iun it n *rwio Kin laniNaw pnyna nyunn 



x 

man aran n“jgnn N’n nuunn lira n“?U] “Jinan ma “juj nrau :12.2 tps 
ijnuni nuunn irnaatu 


pva )>a Ji>mn N>n a nwNa F-cos(a) *t>oji Nin nyunn pirn man a>aa 

.nyunn )ii>ai man 
:pa N>n F yiap ma aw w nmayn 


W = F-cos(a) *x 


( 12 . 1 ) 


.(pnym ma) oniopn ow aw nnapw naaao N>n .napt» a*m N’n n*nay 


:M.K.S. nn’rnn nmwa a>mu .nnayn n*noi )na nvprnn jin nsoj 
[ w] = [f] • [x] (nn>n> )>n n>m aw cos-a) 

[W] = 1)1010 ] • hoo] = [N] • [m] 


piwm aiN'i Napin nawo ow w> )ioiua aoo aw naaaono irowi n*r>n>a 

.Joule owa yvt’ >Np’t>’9 aw iow aw ay J niNa 


[N] • lm] = [J] 


- (Joule) aiN’A N>n naiayn m>n> 
l m iro»i «p> ay ayia Nin awNa IN aw ma n> ay nysano 1 J aw naiay 

.man naiya pi>aa 


(erg) xaNn N>n naiayn na>m C.G.S. nrnmn Jio’wa 
imoi ay ayia Nin awNa 1 dyne aw ma >a> ay nysano 1 erg aw naiay 

.man naiya )ii>aa 1 cm 
:Nin nvprnn fa awpn 

1 J = 1 N • 1 m = 10 s dyne • 100 cm = 10 7 erg 
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mniNi mriny - 12 pna 


:n*nayn iminb nw«h m*Wf ngtfcs 
vn n*pna .^un by F *mK nia irmy >a*b K’n ivmmv n*mnn .1 
.*naia nawino nvnb nans oirmy ,<)wn by o’byian mnia naoo 
ba b\y nmayn b\y oiaon Km <^nn by n>vyin mbban rmayn .2 
.mbpo b*m «>n mnyw pvao nbpo dido im .mnian 
nbapnon nKiivon *k xjqh K>n nyunn iivai man yn a jvmn “rema .3 

.plan nbmna ivk*iw >aa w = F-x oiva K>n 
miay yuan u>k man 90° K>n mo*Tpnnn pvai man j>a n>mn -wKa .4 

.cos(90°)=0 >a 

noma .n*my nyyano yn pav niKom vibv niKaio 12.3 avsa 
noma .^ixn uh mno nvK F man nbiya >a bba nyun i>k niivKin 
*mK <p pbi mg man pvabi N man pvab piKO nyunn pi>a novm 
pvab naiiKo oina mmnon n>v>bvn noma ,n*nay ysao Kb ono 
.n*Tiay nysao nvK pbi (p>vob piko *t>oh oim -bxyoa) nyunn 



.htuu mmnn n*? oni D-asn*? niNrun un*2UJ :12.3 nvs 

, nyunn pvaa Kin man a>an avma ma n> by nvyyi maim n*nay .5 
.nyunn iivab i80°-a Kin man a>an avKa n>b>bv miayi 
ma ,*pamn ma rmay K>n n>b>bv naiayb anva naion nmnn 
(cos(a) = cos ( 180 °) = -l) nyunn iivab a>on *nuo *pamn 
.mb>bv miay *r>nn K>n pamn ma many :pbi 



luPbiu mnu 



nuun iir*D 


.ir^-Oui mum irivn .Trail : 12.4 tps 


/ 
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nnaiKi n*mv - 12 pna 


10 m aw 4 kg woow <px *rwi» 20N aw >paiK ma 

.0. l kid >oi>pn *jia>nn trrpo .*pa’n w> nownni <^un pa 


12.5 Trs 


10 m 


sigK: 




;.si 


■ 


:mman aKwa awp Kaa .ivion man irtoji jih Kam .k 
W F = F*cos(a)*x = 20 * cos (0°) *10 = 200 J 
... . .. , 4 p>.. : s ■ ■■ i; ^ a. 

ma jik aa otip Kaoi iiamn ma miav ok Kiaea »*ra a 

:T»a»nn 

fk = A 0 c-N = (ik -mg = 0.1 *4*9.8 = 3.92N 

:K>n iia>nn ma ivtiai) 

W f = f-cos(a) *x = 3.92 •cos(180°) • 10 = -39.2 J 


mi 


f ■ 
-*-4kg j 

20 N r.i 

?*rwi»n man nainy >no 

K 

WmBBm 


?*jia’nn ma nainy >no 

•a 


’WiMM 


?aipwn man nainy >no 

X 



:imo 


man ok Pa tmp Kam aipwn man nuav hk Kiaoa na .x 

:aipwn 

SP X ,= F - f k = 20 - 3.92 = 16.08 N 

:K>n aipwn man miay 

Wv F = SF*cos(«)*x = 16.08 *cos(0°)* 10 =160.8 J 

K>n aipwn man nwiyw naiaynw onma oniK wav nanow noinn \o 

.mman aa aw nmayn mat? 


.mman aa aw nrnaynniawarmw atpwn man tmay 


W S F = SW F 


( 12 . 2 ) 


Kin <iwn ay avion man awKa pa pai n»n iway ay pnn aaw aiata awn 
.paon <pon naoia aNino .ninwo ma Kin nianwa wnano no .map ma 


n’niN 12.3 

?nainy yaia naia* ooiw o>ona w> pio 
,paa na>aa noiaon ,nainy yaaa >aa nmwai aiaKa o>a>aa oaKn >ia uniK 
nniay mwya naia’nw *pa niKmia naK aa .aown -paa >aownn ywon 
nn natnnnw nainy mwya naia>a .naayoa nmioo nomn n» ay naan 

.n>xaiK D>Kaip npnyn 
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nnaiNi muy - 12 paa 


n*my mvya rtwn - nnajN 

naiayn moa osya K>n nnaiNV )ivao ,maji aw nn>n>a naaoi nmw 

.(mn oiw i>kw nnma) p>ana ino\y 
inn p asP pov N>n nman ,100 J 'iv nnaiN w> inav aoNi on ,noAna 

.100 J aw nnay 

>Pn ?nnay nwya iav naia>n jin ?iav nnaiNn jin amna aia> in tsna 
.yyaa nsia Nin nniN naiayn mmi ,nnvro iPy ina 
jin a>ynna tio^j - aaa in iinaa nsm on .noAia mna uoyy ay aanto 

ON paN .OP31N uniNV aaiNn p HNO 0>*invn nayana D’AUNm ,1Ja>aW 

nana nPya i>ayi Pin ,o*tn a>ana (noPNn noAinn ay nnPo) nsa 3 
?nayoao iPy iiapai ,nana nPyn )on oaasv nuaiNn jin a*Pi o>ioo 
? nn>non jin uaaA>nv pta iraw nnaiNn jin asm inNapa 1133 pin in 

lain aaiNn *t»n .*rait>o Nin nnaiNn na>y> *jPnn njivman noAina 
inv .nnajNa o’aam yuoa aovmni noiaoa paan i>n oa 10 a ,nna3Na 

.npoaoa awp ii’N\y iaioo iPnn 
in nN^vn >a> ay nnaiN ai^P >a ,manNn niNOAian >nva raam nniN 
.nowa noao naiys ir nmno P oonow *p >a> 3y in ,nana 
pa v> .naiay >*p ay owa nwyi in 3\y nnaiNn naaAn ,naN onpoa 
la anNi ,nnaiNn jin P nanAo in ay naiay nwy :o>aav o\ya *jPnn 
.aasv n>A*i3Nn natya naiay iosya nvny Nin ,nnajN P \y> aaavo 

naiay nwy liAn a*> nnaiNn naaAn naiay nwy 

inn n> ay (naiay mvya naia>) inn ay 

naiayn moaa nnv in aaisv nnaiNn jnoa ,nnajN 'to riara vhv nnma 

.1’!7V Jl’VVJV 

>n>v!7 non a nmayn .(Energy n>P 3 Na) E niNa >n\yla n>A*iiN pt»i 

:inn 'yv nmiNa 

W = AE (12.3) 

'yv n’AnNn nN n^nAo nmay aa Na pa ,n>ai>n naiay N>n nniay aa Na 
10 a) n>a>a\y naiav nnoiyai ,nmiN a\y nat?ma noan n’avn naiay .in 
.nmay nwya naia’n wopna nnoiN nNr .n’AaiNn mopna noan (pan 
.n>AaiN naom ay pa Nai nnaiN >n>\y ay pa naaao 12.3 nNiiwon 

N>n nnNn .anna niowan n>3aon n>AaiNn niai^ vnaw nN way a>ai 
avNa in aaiw n>Aa3Nn novn ,nia>no P oonn avNa in aaiw nnaiNn 
•liiao in nino i»apa naasin n>AaiNn N>n n’w>avm ,nana miN o>ayo 
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nwuAci - 12 pno 


TfWtfWttM 12 . 4 * 

wm n*my nos tivni 73 tw'y .v ninnon yin \y> nuiw noD nK*u 
rnnion Pipww niowa ovP noi .v nmnoP v 0 nmnoo <iu N'inP >*td 

. ynp kid f)nn jik ^’Kon 



X 

.v 2 -P vi-n nrrnn rortunP mrrn n Tuun :12.6 ivs 

sP= ma : 11010 Pw own pinn 10 

:K»n x pnynn *piKP niniDn Pipw y^now n*myn 

WsP = SF-cos(a)-x 
Wsf = SF*x = ma *x 

:nynp nsiKJi nKiiwxn wonwi ,nynp n^mro nyon K>n nyunnw 11100 
v 2 = v 0 2 + 2 -a-x 



Wsf' = ma-x = m- ~ j * m>v2 “ ^Tn'V(? :K»n moyn 

.Eit -a nniH 10011 ,n>oi>p non* own i - m- v 2 nooP K*ipi 



( 12 . 4 ) 


ivip>y .<ii>n Pw n>oi>pn noniKn np-nnp non PipwSTSfo^iftftyw W&f 

:nu*UH-n*my inp’y K*ipi nt 


Wsf = AE|c 


(12.5) 


noniNn >ii>oP now Pipvn wan musi .noniK-jrmy inp>y 
«|i»n Pv n>oi>pn 
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nnuNi )ms> *- If pr \9 


na»n nP N>m) mamo <inP v>v yna .nyon Pv nnaiN Nm o>oi>p nnaiN 
.d’oj’P nnaiN iP v’ (ONanv noma 10 a o’prnN mmP 


Pv omPnon oiarnoa nPyo >9Pa pan 5 kg invov <)n : n ooau 

.10 m/sec 

?npnrn yAaa iPv omvpn nnaiNn mo .n 
? nann N>va iPv onw’pn nnaiNn mo .a 

:o>o3>pn nnaiNn nmivoa aoo .n :iiano 
lie = | *5* 10 2 = 250 J 

onanpn nnaiNnv *p osnP nnv mamon nann N>va a 

. .oqnP nnv 


■r " n ' -r ;• - ■ - , ' . ' 

^noi .iniamo pirn iokg invov «pA py Pyi 9 20 N Pv ma : *a nain 
,5 m Pv *p*r *piNP 4m/sec oiamoo mix 

?<inn Pv o*mm mamon mo 

™ s5 ^ 

. ' ' • . 




.../MW: 


is!® 


:<inn nn/p mnyn t\h nsoj 
W = F-cos(a) *x = 20*cos(0°) "5 = 100 J 

.wkkh nDoin!? mw mw 

W M AE •== y m-v 2 - j-m-vo 2 


ftec 


, 2 2 * W 

v = \/Vo +— 


:v mamon on rnaj 




4 2 + 


2-100 

10 


, HI 
6 

see 


*?» j 


.(nyiap nmNoa nyno oiNiivoa 


~ nnaia ivbN»S 3 wa n»v«N 12.S 

nvmn naiayn 010 a aw>n n> Py on* nvyi .nmw Pv nov nais a>ai 

.h 2 nanp hi nano <in ONPynP 
:ovm >nva o>yav won ,^nn ONPyn pta nnaiN oaaosov naaiyn on 
,<inn on mPynP na (pi ^iinP ma P>yanP) naiay y>pvnP *jm ,o>vNn 
nana nmoi <inn avNa ,oov ,<inn Pv nnaiNn on nPmo naiay oypwni 
naiay yaaP oPia> ,ioP>9J >a> Py nriay yyaP oPia> iP v> ypapn Pyo a>it?o 

.n>Pyn iota naaui in nnaiN Nm 
,h 2 nanP hi nano <inn ONPynP nvmn naiayn 010 a on pa avnp >aa 
la ,ma i>Py P’ymi ,nPyo >9Pa mvPa v ma>no aaa iP v»v <in Py Panto 

.nPyo >aPa oia’non noiNa ptn Pa nPy> Ninv 
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nnaiKi n*ra*- 12 pno 


aai ^un av n>w>prt nnaiKa >o>v )>h ,nyiap mKvi <)nn nnnov pvao 

r ., .noaiKn av nvnnn mm aatwn y>pmv rrmyn 

j j fv mman aipv ,nyiap ^nn nn>nn avKa 

sfv = 0 .oaKa rnw 

F - mg = 0 
F = mg 

mw nayo »aaa amna *jn^\y man 
o»ovn )>a iw*ww *p ,apvoa pvn 
.nyiap ma>noa T^ona <ina oan 
:man rnnay hn nwm 

W = F*cos(a)-x 

nPv9n iivai moapnnn pva pa n»wn 
ay9io naiHav pnynm ,oaK K>n man 
x = h 2 - h 2 :Kin man 

.«|ia rortuni nraun :12.7 ivs W = mg-(h 2 - hi) = mgh 2 - mghi 

.U G -a nmn ptm ,nnan maxima nnaiN ova mgh >rc>aa Kapj 

Uo = mgh (12.6) 

vPkv aw>on hk onma p>n ,manK o>a>oa ik ,?h jik omio p>no 
?(mmn iw>n Kap3 nr aiv>o) 09 K nan ana t>n»m 

.paw ay Nsoin aao ay avoa aanm 
?inawa oma oaK nana ksoj Kin oKn 
?nasna oma h nana Pik ik 
nyaip nannnn nann av nananv ana 
nnaian nPKoman nuaiNn moa dk 
na K>n aaK pnvaa rnnpia ^nn av 
,nmp3 >iw pa nann vaan nn nwo 
nnaiKn vaan jik nwo Ka oa K>n pai 

.ampin )>a 

,K>n h jik omio pmo nanva nawnn 
.nwo na nrv ,pa 

.n>nia>av K>n (h=0 ia nann) om»n aw>o na>na 

.oima ,^nn av oaKn nan nK mnaa oPia> wok ,manK oP>oa ,ik 
, h 2 nana hi nano aayoa (AU G ) nnaian nPKmoian nnawn >ow 
.oimn aw’o mnaa >Pn n>K ,(Ah) nmpin >nv )>a nann va9na >iann 

(12.7) 




.ljjisaa mpj 



- 251 - 


















nnano mtay - 12 paa 


n> by n>vys bv“ nnaian n’bK’ssoian mviSKn nbnsnv *ror’3 awn 
man bv nbiya ns>K it .^un by byian (mg) man nia assa ma nbyan 
>is>v n>n Kb pbi oaKb nnv n>n bipvn man UKinv nrnvra) bipvn 
miay .imy mg nian nbiya ns>K mi (12.5 nnnvo >ab n>os>pn mnsKa 
.nioapnnn iivab “pan pvaa Kin >a -mgh K>n isaK’nv *r>bnnn mg man 


<iwn ,40 m mauv i»sa vnao nbyo >aba pats 5 kg inwav an 

.V>san vKa byo60m bv nauby’AO 
:)>3an VKaa oin>n aiv’o jik anas ok .k 
? np>atn y*aa ibv n>aaian n>bK>s»soian nnasnn >no .1 
?nann K’va ibv nnaian n>bK>2Soian nuasKn >no .11 
mips i>a nnaian n’bK’ssoian msasKn >is>v mo .in 

?nann k>v mipsi np’atn 
:)>san n>ypapa ow>n awo jik anas ok .a 
?npntn yuan ibv nnaian n’bK’ssoian nnasnn >no .1 
?nawi K>va ibv nnaian n’bKmsoian nuasKn >no .11 
mips i>a nnaian n’bKnsoian msasKn >is>v mo .ill 

?naisn k>v mipsi np>atn 


:nnaian n’bKnsoian nnasKn nnnvoa ans 
U G = High = 5*9.8-0 = 0J .1 

U G = mgh = 5-9.8-60 = 2940 J .II 

AU G - mgAh = 5-9.8-60 - 2940 J .III 

:nnaian mbKnsoian mviSKn nKiivna ans 
U G = mgh = 5-9.8-40 = I960 J .1 

U G = mgh = 5-9.8-100 = 4900 J .II 


U G = mgh = 5-9.8-100 = 4900 J .II 

AU g = mgAh = 5-9.8-60 = 2940 J . Ill 

m>naa >ibn Kb nnaian n’bKnsoian rnsasKn >is>v ,’iana 

..tnrnn mvna 


jj r 


12.9 irs 


m nmn 


|»oiaaa >nva h naisb ypapn >sao nyiap nia>noa nbyio <iu 
by K>n n>svn aaam ,nby« >aba ma>v> K>n nsivKan aaan 
Hill ?iaa baa n’vysn naiayn >no .« wnitv yaivo aiv>o 
. F 2 

Fit . * A. T" 


Pa nmvr 


naaiKb aaam mg Kin nbyo >aba ma>v> n’bya byaion mart ', piano 

.h K>n byia Kin 

paani mg-sin (a) Kin yaivon niv’on by n’bya byainn man 

.h/sin(«) K>n byia Kin naaiKb 
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mniNi (niiii - 12 paa 


* :nayo >aaa nvw> maya miayn 

W = F*cos(a)‘X = mgh 

:yowon *m»»n -jit maya miayn 
W = F-cos(a)*x = mg»sin(ot) = mgh * 


miniNm) man ms *1113 rnwyin miaynw N*n mpoon 
.man aysm naniNav *jma miaji Na (masin 
'JV O’ltrta A1©a TOtol N*7R ,Nim» Dtt toil Jl>!7t75 m>N w mpoo 
•ivona a>n*u *p ayv,onmra ninia owapin mma 

Jl»bN»^3\51fl JVVUN 12.6 

,’oo^k <\n a\y auo >u>y/o mxin moaNn man jin o*npn pnaa ina>n 
nmiN ia imo^n >ot>aN <in omnia in o>nniD nvma .^’ 3 pn nmn 
Ji*iaoy»v maiyn jin .ji’oo^n jnaNmioia mniN JiNipin jvaNmxna 
•yns ,ji>vNn :nnm ’iiva o>y*n> uniN ,’DD^Nn <inn jimjia pia mniN 
miay nypvyni ,<)wn jin ninaa na (tvt -piNa ma a>yana) n*nay y’piyna 
yya!7 jiaia’ ia v> nnio <inn *ivma ,jinw .<^wn aw miniNO jin nanxo 
ima maai in mniN N>n miay yyaa jiaia> .nvinw n> ay miay 

.nn’juan 

jin awm x *piNa ninnn >ot?aN ^na rnmNn mniNn jin Nmoa na 
.x 2 *piNl7 xi *rmNO >ot>aNn f)nn nmnoa nwmn miayn 
.o»ooaNn o>ann aaa nmrra ,a>i*ia ^apa wonwi 
Nin ^> 3 pn aw manw *pa Nin o’mapn omw>na ntn aiw>nn pa a*tann 
Nin >a ,pnan <iitn narnia mNwn o’jjiwo jnmaa >aaa )in .ninwn ma 
uniN nows mm mnwo ^>Qpn maw )ii>ao aaN ,nnm np’oojuo inn 
.'papn nmno yarn yyaa ^nsw miayn jin awna o>aia> 


111* 


nnun isn 


mi 




mwmm^ 


m 


Fi=k-xi 


Qwmm , . 


.iaw nnuon asoo xi mnon ^>apa niwpn noo ^y Pajioi 
ii’t>yi ,’nw!?a jm>no w> ntjo^v n>33 
TiinP nt»on t>v nyiap Jin»no ay moiya 
aw >ii>v n>n> R'lv na) nmmpjin 
y>pvm> miayn aai ,Ji>oi>pn nmiNn 
.(rpooaN jinNmoia nuniNa *ji3nji 
ovua *r>*ia yn aaa a>yana T>m\y man 
na t>3Na mw nvna mnian aipva 
man .^>apn im>nia >u>v jin ynoa 
nuin ^>apn\y Paa .Fi=k-x! Nin nanjina 
*ry a*ni lain wmin man ,un> 

.F 2 =k-X 2 a 


m 


F 2 =k*x 2 

-► 


nn-*nni miiun : 12.10 ht*s 
rap 


- 253 - 
























mniKi n-rtt® - 12 pifi 


Py Pyian n^n .vsiooiv iOKP pi>j ,nK3>P pwi mnvyo man\y pi>ao 

:kid <pxn 

= _ F1+F2 _ k-xi+k-X 2 _ . X1+X2 
F 2 2 " k 2 

x = x 2 - xi « :K>n min Pina niiiKPw rnn 

:H>n x 2 -P xi-o <papn nmnoi n*nayn 

W = F-cos(a)*x = k- ^ x M x 2 - xi) = ^-k-X 2 2 - ^’k-xi 2 


.Uei-i nniK pwi .tpooPk mPK’sioia nniiK ova ^-k>x 2 no’aP Kipi 


Uel = ^-k-x 2 


( 12 . 8 ) 


inapv (inn >ooPk <p>a ik) 'papa naiiKn miaiKn hh mnno n nnou 
.nan Kin ni mipin 10 x 'piao ik nwio Kim k iP\y niin 


pin Pw (pann) nnoon asoo fon omio x 'pvan ik nmnon jik 

•>ot?PKn 

:nmm jik* v>n»j 

piijpi N/m iPv '('apn rnapv ^>ap mmP nvm niiiy noa :n»*n 
?2m nuio Kin 13 aa»P 1 m nwia Kin law 

omsono inK Pi .o’ason o\y pi mxniKn vnan K>n nnayn .pana 

.>ian 'papn 13 asan p anai 

W = Uel2-Uel 1 = j-k*X2 2 -i-k.x 1 2 
W = i • 100 • 2 2 - i • 100 • l 2 = 150 J 

»a ,«3iuii ooNn Jiiipi jik mnaP fip mpoa wk 
0»nma u»n ok .x 2 — 3 kPk x-a nnpji m»K ^>ap Pt> miijKn 
nn>n miayni ,oaK miaiK Pv asaa lm Pw nmna Pv auaa 
:nmn ,m pai kP aw’na nPapnan mnsn ,1 m *piKP 

W = J-k-x 2 = i- 100 - 1 2 = 50 J 

KP xi 2 1 x 2 2 «nanrn> /Ti» waun n>mv nKum in 

tamyan i3>Kn PPxa oyaoan 

2 , x 2 2 2 ~ 

X 2 = (Xj+X) = Xi + X 4* 2-Xi‘X 
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nnniKi naiov - 12 pno 


jmo) onovn roms 12.7 
nPPiav mian na’aan mo!? v’ ,mo-npn ninoAian nnna ii’Knv ’9a 
naiavn moa ,na>aan nia a*ia ,nov naipiP nnn naipio 71A on’avova 
nPnnnn naipia pi kPk nian Pvam laniKP PiPvoa miPn kP nvinan 
.novo nia Knpi n mian o”pon nia Pa .ovon naipn 

PiPvoo miPn ni’K vuoo nmv naiovnv mo - novo mo 
.own naipiai nPnnnn naipia pa kPk ,Pvio Kin laniKP 

pa a>ai oniKv o”Povn niniai) ^>apn Pv man .na’aan map 7011a 

.novo map natni noun Kin (Pownn nio’Pa 
nuniK nnain n> Pv pavna nnpp nv9K novo nia Pa Pv nvavnn nK 
n’PK’vioi9 nuniKi nnaia n’PK’vioi9 nuniK loa) no’Kno n’PK’vioia 
maa avmnP p>oao man ,n’PK’sioi9n nnniKn nnaainv v>na .(n’ooPK 
.<inn Pv nuniKn aiv’na nPPai (’P’Pv (o’oa) inniavi oiam 
W=AE :nuaiKn »u>vP nnv naiavn Pa 70V pvao ?’P’Pv p’oa viao 
naiavn *k (NC) novo kP mai (c) novo ma v> o’Pvian mman pa oki 
W c + Wnc=AE :K>n n’PPan 

,aovon man naiav oipoa n’PK’3ivi9 nuniK a>*unP o’vin uniK ok 
w N c=AE-w c :<pK aovon man naiav jik n’avnP ii’Pv 

AU=-W C :ji»PK>siDian nuaiKn >u>v hk amnP -w c oipoai 

w N c=AE + AU :maion nKvmn nK PapP na 

aovon >ns>nn mon naiav ©o>o - n’PK»vit>io nnaiK 

( 12 . 9 ) 

:niKan nniann a’on v’ aovo nia n> Pv nvviaon naiavP 
.ovoni nPnnnn maipia pa kPk PiPooa miPn ni’K naiavn .1 
n>PK>3x>ian nnniKn vaanP nnv naiavn .2 
w A -> b=u b - u A .nPnnnni own niaipi pa 
nan’ pi’aP *yian pvaa .*y>an Kin 7’Pnnn .3 
.nKiPoa nnaiKn Pa nnt-mo nuniKn 
- niaaPno ovoni nPnnnn niaipi avKa .4 
i2.li nrs Wa-> b + W B -> a - 0 .V9KP nnv naiavn Pa 7© 

naion nonan .71m Pv nvniKn hk onnvo kPv ninia on onatao mma 
anKi anK pi»aa Pvia 7ia’nn nia avKa .7ia»nn nia Kin rarao map nnva 
.n©9Kno kPi (’P>Pv p>©a) nnaoso n’PPan naiayn ,7190 pvaa Pyi9 7a 
ninia ,o’aovo mmaP ©n»nna nnaiK-naiavn pap’v nK vano non 
.n’PK’21019 nnaiK onP naaAin kPv o”3iv»n nimai o’ratao 
nraranon nuaiKni w F K’n o’oia’nn ninian >a> Pv nvviaon naiavn ok 
Q=-W f :Q K’n (oinP na9ini) 7ia»nn n» Pv 
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noniKi moy - 12 pm 



*iopn o”pfl>o 

( 12 . 10 ) 


mo^a naayo t>y oOyian o>>ns>n nino n> by nbyaion moyn 
myi n>bK>s 3 oian nonjKni «>oi>pn nnajKn >ii>ob nm> 
.oinb maKO noniKn 


ninon to jvnayv pn ,12.5 nKiioo 'pv mnK mis K>n 12.10 nKiioo 
.o>oism ninoi onatao nmo ,onooo ninob nptnn 


ptm Kb yaioo iw»d nbyoa ,4 m *j*iiNt? *roio 100 N bo no 
ibo ^apn yiapo '(’apt? mwpn 2 kg bo noo ,30° m>mv 
^>apni ,oaKb nno noon nnmo non nbyan nbrniia .20N/m 
.0. l -b nno nooom noon )>a *jomn o*rpo ,>ia*i 

?non miay mo .k 
^\100N ?n>oobKn nOKOioian nuniKn nno mo .a 
?nnaon Ji>bK>s3oian n’voKn >o>o mo .a 
g ?*jom ntamon noniKn mb .a 

?n’03>pn n’AUKn >u>o mo .n 

^® :K»n oismn non miay k 

W f = F-eos(a) • x = 100-cos(0°)-4 = 400 J 

.Kin inoobKn mbKOJoion noniKn >o»v .a 

AUei = ftflP - 0 = i- 20 - 4 2 = 160 J - 

:Kin nnaon nOK»s3oian no*OKn >ii’o .x 
AU g = mg-Ah = 2-9.8-4-sin(30°) = 39.2 J 
.*TO>nn no miayo nyau *jomn bb*a nratoW'fflnsililJl 
no )iioo bbia n>b>bo miay Km *jomn no miay 
bbia ntamon nuaiKn .moapann piob *pan *io>nn jgj| 
Q --Wf :Km *romn 

Wf = f -cos(a) *x :K>n *jomn no 'pv moyn 

f = ft-N = ^-mg-cos(30°) :Kin *jomn no 

Wf = /x-mg-cos(30°)-cos(180°)-x 

Wf = 0.1-2-9.8-0.866-(-l)-4 =-6.79 J 
Q =-Wf = 6.79 J 

.12. io nKiioo mtya Jimnpn noniKn >n*o jik ksoj n 

:Kin oO>oa ii>y*m 


nom 
























n>vum naiay - 12 pafl 


W F = AEk + AU + Q* :xm nxnvoa nman 

AEk = Wp - AU -Q = 400 - 199.2 - 6.8 = 194 J 


ww pin 12.8 

on!? naaam xPv o>>aiym mma ow o>an Pv nanyo Py o>Pyia xP avxa 
Py o>Pyia xPi ,(o»ami mma out? ixap> vvaynv) mPx>saoia nwaax 
mman >”y) naayoP nwaax no>aa v N ,o>a>av>o xP mno naaytan 
mman > B yi o”aiy>nn roman >”y) naayono nwaax nx>y> )mi (o»aiy>nn 

.(onovo xPn 

nwaax onP naaamv mman pa on o>Pyian mman avxa ,nr napoa 
Pv mPPan nuaaxa >mv )>x (kx 'fapn mai mg Ppvon ma) mPx>yi\?io 

.naayon 

W F = AEk + AU + Q :xm nwaax-naiayn )iap>y 

Q = o (o>mao mma )>x) 

w F = o (o»aiym mma )>x) 

0 = AEk + AU :ixao 

ima mv?a>pn nwaaxm mPx>yaoian nnaaxn Pv oiaoa >PPa >ia>v )>x ok 
.E -a pit?>i mPPan maaon nwaaxn xapan van Paw amnp 

nwaaxm moa>pn nwaaxn Pv PPian oiaon - E - mPPa maao maaax 

.mPxmaoiAn 

E = Ek + U :xm mPPan maaon nwaaxn 

: maaon nwaaxn mo>v pan riK noaa 

nanyo Pv mPPan maaon nwnaxn - maaon nwnaxn aio>v pm 
o»ais>n mma nanyon Py o>Pyia xPv pr Pa ,nyiap naxva 
.naaay o’ysaon 

parem ma nPiyaP mavsx maaon nwnaxn mo>v pin naaana unxvm 
xP xm ox naiay nviy xP >aiajm ma ,aiara .naiay nviy xP xmv >xana 
.90° xm pnynn jiva yai ia>a mmn ox ix ,*pn *yaixP Pyia 
manvmp nPia> maao nwaaxv xm maaon nwaaxn mo>v pm myovo 
.yiap axva nPv >PPan *jon Pax ,nPv nanx nmuP nPv nnx nniso 


iviav >a> Py ,nanx nam maaon nwaaxn mo>v pm nx amaP ,pP ,ima 
:nanyon Pv o>aiv o’aso ova nvPPan mwaaxn )>a 

Ek i + Ui = Ek 2 + U2 


:nn?a>pn nonaxn Pv nvniao namaa ix 


1 

2 -m-vi 


2 


+ Uj = 2 *m*v 2 2 


+ U 2 


( 12 . 11 ) 
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nnaani n*nay - 12 paa 


mow pin Kim ntiv >PPa mow pino pPn Kin miaon miaiKn aiow pin 
nnaiK ,oin :ioa ,n>iaa n>niK p>K\y nm main v> miaiKP .nuaiKn 

.’ioi ji’oiok mviiK ,n>o’a n>voK ,n>Potm 

nnaiK imnn nt?»ia i>kw) nano naayoa - rovuttn aww pin 
.vnp aKto miaiKn Pa *yt> (moo >n«>Pa 

>iap Pok ,m»nn mviiKn niriVy pm o»pno onav onpo aaoo Py Panto 
.mviiKn mow pma niatym mPKv panaa o»PPan nmapyn Py mayi p 


nnaiND nio’iy pin natya o’bnnn pan a nunpy 

naayon Py a>Pyian niman Pa jik aKUP v» .1 
mma on mma iPn u»n o’poiy unjK na naayon >no amnP v> .2 

.o»o>ja mma on iPki o»3is»n 

aaooa vonvnP >isa .>aion ason inoi >nPnnnn ason mo amnP v> .3 
Pv o>aayn aiK>nP 2 aaooai >nPnnnn ason Pv o>aayn aiK>nP l 

>aion ason 

,nnaian 1h»PH»S30l!fiV f /^xaiKn aw»nP ©mm att»o m mnaP v> A 
>a Py >aion ason Pv naum >nPnnnn ason Pv naun jik mnrPi 
>n\y yao naiom naipja oinm aw>o im mnaP >m .it nama 

.>aitjni >nPnnnn ason Pv nmpin 
.nPnnnn nmpja nnaiKn Pv maisn Pa Pv nowa *payp v» .5 
Ek 2 » Ug 2 . U e i 2 :tn»on naipiai Ek i , Uq i , u e i i 
KoaP awaK pPn jik .vnao myu> i»n» mnajKn Pa kP pap>ya 
ax oqkP miv muajKn \a pPn pPv nKiwon natya pa nPnnna 
.nnaiK ow nnato kPv pvtaP na ynP awn yiiK 
nvaion muaiKn Pa mo aaaaa nvnPnnnn nviaiKn Pa dk aanP t» .6 
mnPnnnn miaon nnaiKn Pw an«n :o»io>a >iv PapP >aa aaaia 

.maion miaon nnaiKn Pv >wni 

miaon noaiKn ok yiapP v> ,o>Pyian o»na»nn ninian >m>t »a py .7 
on>3>a vaan o»pv ik n>aion n>iaon n>iaiKP mw n>nPnimn 

,o»iis>n mma imayo nKsma 
o»ason »3va m»PPan nvjaon muainn )>a pa Kin ,o»p ok ,p»iw 

,o»3ivm 

.o»ns»nn mman miay hk avnP ,o»o»pi na»oa .8 
jik kisoP na 12.11 nKiwoa vnnvnP t» o»3ia»n mma i>ki na>oa .9 

.oPyjn 

jik KianP >aa 12.10 nKiivoa vnnvnP v> o»ns>n Jimia v»i na>oa 

oPyjn 
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wntfo tvrav - 12 jrw 


nbyo n»aiN *)u npnr nya «>»» n»A->jN >aO>n 12.8.1 
.xft vo >a!73 jiojn pinn Pv nyiin *iin>ji kid )wn*id mpon 

miian jimijin) ft pvo kid rPy ^yian *r>n>n non ,*i>iinP <inn nan*’ vaio 
nuiiKD jin ft im>>n >3) oo>n m3 nvm ii’N mg t>p\yon\y pioo .(nn>it 
pi \yn jvoon n>A*ONn no’w pin o»pJio (mgh nmon nON’^ioon 
.nmtt jiOn’^joo n>A*oNi ji>oi>p nn*ON i>3 n>o» nnniN >*oyo 
nniAn nnnon nON’yjoon nuniNn iw»n> (h=0) oin>n *iiv>o jin mm 
noyn 12.13 *nn») v 0 ‘liAn Pv npnrn jm’no^ Nipii ,npntn jrnpi \?v 

,(N3n 


:oin>n nw>o Jimnn P!7A3 ,nn30 JiONnuoo n>A*ON i>n npni-n irnpo 

U G = mg-0 = o 

1 Q 

Ek = 2 • m • v 0 :N>n npnm jnipo ji>w>pn n>A*oNn 

E = Ek + U G = ^• m • v 0 2 :N>n JiOton n’AiiNn 

n>AiiNP mw n>n> uP3>pw !nun ,jnmo jiO*>n Ji>oon n>A*iiNnv pioa 

ftftvnn 7*iin 3 n*npn nupi P 33 nOlon Ji’oon 

h >3) ntmi JoPin nnnon JiONnuoon n’AiiNn ,n3np nPiy ^nnv P 33 
JiOton n>A*iiNn ,PnN .(pp v >3) mopi joPin ji>m>pn n>A*ONni ,(P*ta 
j :nyop JONiyi 

E = mgh + ^*m-v 2 

oa jioQNiio nji>Ni ,jm>non jtoqnjto (h=h max ) ninn n>v impi3 
:n>*T3i3 hOn^joo n>A*iiN N>n n n*npo numnn P3 ,ji>ovpn nmiKn 
U G = mgh max 

Ek = i-m-o 2 = 0 :©qnP niw n>oi>pn n>A*uNn 

E = mgh max :N>n n>PP3n n>oon n>AHNn 

Ji>PP3n n>A*iiNn \>n p>iwn o»pjio .jnnvyj n>PP3n ji>onn n>A- 0 Nniy 11100 
n>PP3n n>A*iiNni ,Ti*T3 >n\yP3 ntipo n>pp3n n>A*UNn ,npnm jrnpo 

innnn n>v3 

2 • m • vo 2 = mgh + i-m-v 2 = rngh max 

Jiiopn io\yn Py ,n>oi>p n>AUN jn>nP nuniNn mnn ,nooP min n*rno 

.Ji>*t3i3n nONOioon n>A*ONn 
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nn*u»o n*my - 12 p*M> 


h=h 


max 


o 




E k 

U G 


o 


6 


Ek 


II 



vo 




n’ura ji’ , 2 N' > sji 3 T 3 irruin n’uj’jj arrow yi mnn maim '■ai'p-’n : 12.13 


.20 m/sec im»nn 3 nPyo >at»D p*m 

?wiyi 3 n 'to n3nn k>v inn .k 
?10 m/sec inwno n>nn mu m>k 3 .3 

V 3 n>^sn n> 33 on nnnikn ksoj mwn k»v ftk k 

:mnn k>v impii npntn impj 

|-m-v 0 2 = mgh ma * 

hmax = § = ^TS = 204 m 

tiwikn piwo ksoj 10 m/sec jm»non a mun nk .3 

:rmp33 n>^3n n’33on 

= mgh + i-m-v 2 

| 

yj£ — y2 

h „ v 0 v _ ^ 15.3 m 

- - ■.. 2g /-p^. J 

oya ,10m/sec-!? o»oyfl nMua mw nrn nova on>non) 
D’n^po o>3w»n on n>v»k owm ,n*m>3 oyoi mtno- 
(im>non vn>03 >rc>'3 ooiro k^ p>i 


irs 

:no»n 


:ims 
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n>jniNi rvnay - 12 pna 


nyun hinivvo rntyD 13*1119 -now yn> mpo Km WDy id uP 9 >ow mpon 

.jvdjn npnt !?y mamo ,nymp nmKjiD 
nyuii Pv niKiwan mm YmsP dvqk >kv ,*inht mpn way dkd3 
.nnuKD dud’v pm P\y oisyn non jik 733 vmnii ,nyi3p nmKm 

im>»a <pA imv nya n>jD» nniJK >aiP>n 12 . 8.2 
Pd ksoj nm dwkd ,npPn nP’oo nmi *pDm kPP p>Pnon Py PDnoi 
hk nwm .a rmpiD (immo kPP) nmo <)nn .novmn oy yAOD pm 

.c -1 B niatm nnipj >jiwd <inn nnmo 
Py pDvmD ompiP udjk mg Ppvon jik .nrniD ov pm Pd o’Pyio <yiAn py 
Km >3 rrmy y^Dio kP n >Po*nm midd .nniiDn d’Pk’^didd n>A*i3Kn n> 
.PlPWDP *p1KP pp mOVl Jl’PPDD IVADOn D>AD3Kn .nD\y>K)P *r>OJl *p1KO 



.c rmpm Pv ddud ,PPoan mrinm omm dw’od DfiDi 
:K>n nvnpmo ddk Pdd ji’PPdd n»A*i 3 Kn 

E a = mgh A + i-m-0 2 = mgh A 
E b = mgh B + 

E c = mg -0 + i-m*v c 2 = i*m-v c 2 

:piwn o»pJio PiPoon *jdikP mow n>PPDn ji’iDnn n>A*i3Kn\y p>DO 
mgh A = mgh B + i-m-v B 2 = i-m-vc 2 

:c-i B jimpiD jivnmHn UK kidoP p>3 prwn p 

v B = >/2g-(h A - h B ) 


v c = \/ 2 g-h A 


JimKfl >d nyiDp nyiKjiD nyun mm nvnmon jik kijhdP nm dy> 9 k >k 
: no\yon P\y yisnyn n>m > 9 P yADi yAD Pdd mnvo ^un 

a = g -sinCa) 
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p>apixi n*ray - 12 ppa 


Sp ii'flVniiii iiiwiiu la pa '-im-."" :nmi7 

|?Pn >paix nowo Py xinwp 6 m/sec §§ 

.1 m iootpw ! 7 Av>d ypp oaP opioon 
mpp wan y>A> np nvnnon »no 
?>PAyon nowon 

h,=0 ; h 2 = R = 1 m :>poixn piw>op own piw>o fix pnpi :iipm 
1 2 . 

E t = 2 -m-vi + o :x’n >paixn nowon Py noroxn 

:x>n >PAyon nowon Pw nypn npippp n»mxn 

l 2 

E 2 = 2 ' m ' v 2 + m-g-R 

:Pppi Ei = E 2 nn-oxn pnwo 
■ = Vv 2 i - 2*g R 3 v / 6 2 - 2-9.8-1 = 4.05 ™ 



>paix ^>app npiwpn noo Pv n>ip» p>apix >aiP>n 12.8.3 
m nooo npppion nppyo Pw nop>on n>AP3xn npyo nx pxno xpn nppon 

.pPn no wo Py mion k ^>ap yipp Pyp >paix ^>apni 



.jrtn nuiun * 2 u minn ■‘paiK yap*! mnnnn m nun :'N12.16 ti*!I 


k-x 


i 

i N 



~ m 


r mg 


.nunn D^insn mrran :'H2.16 ivs 


.mn^o on noon ^y o^yion mm:>n 
o>!)31ko N >^Krmn mom mg ^poon 
.mny a>wiy xP pPi nyonn pvpp 
Py inwnp ompiP onix ^’apn nip nx 
.n’ooPxn ndx’yioian nnpjxn n> 
pPi mipy o’yypon o»oiy>n ninip px 
.jnowi n’PPpn nopon n>AP 3 xn 


: (12.17 pia) 't*>pn oy noon nyon TnxP o>ppo nwiPw Py Ppnoi 
yAPp .noon nx ppnwn nap xm ip pyon \o A pmo ^>apn nx nnoi .1 
n>ooPx n>Px’^Joia n>yox x>n nppyon Pw nmixn Pp pvinwn 

.oaxP nnw n>oi>pn nnroxni 

pni> mop n>ooPxn n’Px^oian n>voxn ,ip*rp >nwpp ntipjp .2 
.pnv nPm n>oj>pn n>AP3xm ,pnnwn yApp nnpixnn 
n'APAxm n’Po’opo x>n n>onpn n>AP 3 xn Ppwon now n*np3p ppyop .3 
(nap 'papn np nppon n >p) oaxp nnw n’ooPxn n>Px>sjoian 
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mjnjNi n-tiav - 12 jrw 



IWMl 




Ek Uei 


Ek Uel 

_□ (2 


Ek Uel 


x=0 x x=A 

. ■’[jaw K’ap 1 ? nun ya jpjdb ,Tn»e ’Him :12.17 "tm 


Ek = j -m-0 2 = 0 


.rmpj ^33 n>A 3 AKH Pv JlIKIWOn UK 010*1} 
moon hk oninoo 03 n*np }3 


Uel = j-k-A 2 


mPo’too K»n h’ooPkh nPK’^oian n>A*OKn 


E = Ek + Uel = j-k-A 2 


:K»n h’PPdh nooon rwiwn 


nPKnooia nn*oK oai n>o}>p numK oa o> piPoon *piKP n*np}3 


E = i-m*v 2 + i-k*x 2 


:n>otPK 


:d>ooPk nPKnooia nmw }>k pPi ,>>a*i ^>apn Ppoon m>o mip}3 


Uel = j-k-0 2 = 0 

17—1 2 

Ek ~ 2 * m *v max 


K>n n> 03 >pn n>;n)Kn 


E = r-m-vL 


:H»n nPPan n>»on n>A*OKn 


2 -k-A 2 = i-m-v 2 + i-k-x 2 = i-m-vLx 


:Pip 3 iivnpjn P33 nPPan nooon n>A*OKn )i>iwo 
k-x 2 = |-m-vLx 
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mviito miay -12 paa 


>aiK <papa naiopn non ao n»san noniK >aia>n 12.8.4 
m noon naaninn naayn ao noa>nn nnaiKn mvo ok *iKnn ton napnn 

.k 'pap yiap aya non ion >aiK 'papni 



/ojn yapi nun v 1 ! ipjdh mnjN -hi un :n12.18 tpx 


.vPh mwpn non kW pian Kin avma 'papn nKinn (l) anna 
^>apn dk o’nmo ,m noon hk onoip .nyunn na>nn mKinn (2) anna 
*ty p>aan ntipin pnann Kin x 0 .onanooi ,pain asno x 0 +A av pnm 
mipia *tyi aponn »ivo mipin pnann Kin A-i ,aponn >ii>o naipia 

H .anva npinan 

nayn >aaa nyi noon .nynnn ^nna wm naipi naKinn (3) anon 
.aponn >n>v ampin *nni x aoKa ,x 0 +x ao pn*in ninn 'papn ,v ma>nna 
K>n nx anna nnn>no .aponn >n>o nmpi jik noon naaiy ( 4 ) anna 
.x 0 av pnao ninn 'papn .(-[onna niKiwna *pa aaon) n>an>oan 


kx .D”io on noon ay tnayian ninian 

nnaiKa paiuna npai mg apoono pvao 
kx “papn niai ,nnaian n>PK>moian 
n'PK’aioian nuaiKa paona npai 
,nonn ay o”iiu>n mma pK .n’ooaKn 
.naooi n>aaan nnann noniKni 
nmpio ii>k*i ompn paoao ,pa a>an 
:aopn n> ay ni»aKnn apvnn >n>o 
mg = kx 0 

.nonn 'jd d - 1 “Jinan jnmnn : 'H2 18 ivs < • rrt • 
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n>A 3 iNi n*my 12 p*m 


jin 3NJ10 Nin >3 ,(3) 3303 n’Wan n>i3on n>A3iNi> >io>3n tin>1133 3>nni 
3io>o jin 3033 ,noo3 jmmo oai ^>ap3 nm>Jio oa o> no 33on 

X 0 + A ,3Jl1>3 331013 3*T1p13 J1H3133 J1>3N >310193 D>A3AND 310>n3 Oin>3 

.(2 330) 11>9*13 Jl71plP J13J10 
:(3) 330 

Ek = i-m-vz :Ji>oi>p3 3 >ahn3 

U G = mg - (A-x) :hn3toti ji>3n’3ioio3 3>a71N3 

(2 330 !0>O A-x Nin 3 3303 331A3 30P 3133 ’N12.18 3V30) 

U e i = j-k-(x 0 +x ) 2 :ji>oo)7N3 ji>)7N>310193 3>a*un3 

:n> 3 Ji’Wsn Ji>i3on 3>A7iN3 

E 3 = Ek + Uo + Uel = i-m-v 2 + mg-(A-x) + j-k-(x 0 +x ) 2 

.nyujin ‘iv >ii3>p 330 int >3 ,*ijii> 0109 (2) 3303 3>A7iNP >io>33 

:(2) 330 

Ek = i-m-v 2 = i-m-0 2 = 0 : 301103 <iiao >3 n>oi>p 3 >a*iin )>n 

:om>n mo’o jn>03 PPA3 ,ji>*t 313 Ji>t>N>3ioi9 o’aoin )>n 

Uq = mg-h = mg-0 = 0 

Uel = ^-k- (x 0 +A ) 2 :ji>oo)?no ji>3n> 310190 0>A7iN0 

E 2 = Ek + Uo + Uei = ^-k-(x 0 +A ) 2 :n>o ii>PP30 110300 o’aoino 

o>>io>33 jin JinooP o>Pn> uniN ,mooi ii>W33 n>i3oo o>a*iinoo )imo 
:o3ion nipt>o3 i»aoPi 3-i 2 o>3303 n>333n o>A71no 3o 
:(3) 3303 3U71NP >10’33 o»3Aion JIN nmi 

E 3 = i-m-v 2 + mg-A - mg-x + i-k-x 0 2 + k-x 0 -x + i-k-x 2 

:(2) 3303 n>A3AN)7 >10>33 0»3A10n JIN 0J191 

E 2 = ^-k-xo 2 + k-Xo-A + ^-k-A 2 

:o>333n >103 01100 i-k-x 0 2 33>Nn jin Po3ii o»io>3n i>a nnoi 

i-m-v 2 + mg-A - mg-x + k-xo-x + ^-k-x 2 = k-xo-A + ^-k-A 2 

:b3pll mg = kx 0 )>pwon >n>o mipl 3o *iop3 oojioi 
i-m-v 2 + i-k-x 2 = i-k-A 2 
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nonixi nitty - 12 pis 


Pio>a PP>a ,’pqin noaifcn fnwP non i’Px uyvno nomxn f 010 
nomx nv>oio xP nao nxiwoP oy>n ,Ppoon nvo n*np 3 Po ona>xn 
.Ppoon >iw nrnpio jmoi ^> 9 pn nimnoi nmw n’PN’^019 

:x>n mpoon 

<fapp nniopn noo Po nPiPooa m*np} >no fa n>PPa n>ja» nnnjx nxnon 

:o>ant >noo nnxa nwy>nP nPia> ,>ajx 
jm»j ^’Qpa nimnom nnaian n>Px>sjoian nonjxn faona nnpPi .1 

.(xPo nomx iw>n) nan ^’apno naipan ya 
^»apa nimnom nnaian n>Px>sioian nonixn faona nnpPi xP .2 
.(o’na’xn maos Piao) Pponn nvo ntipio natoi 


>a*P xPi ,nuipi fa n>PPa n>»o nomx fnw >a>P pa miai mpoon 
fx Ppoon nvo rmpiao ,PooP ,noxP fai xP .naipn nonix aio>n 
xPx ,Ppoon nvo rmpiP t?n>n xin aw>nn >a ivooPx n>Px>ajoi9 nomx 
.'(’apn Po f >9an rmpio a>on mn> nmopxn nonjxn Po awrnn 
nxvon Po noon nwoa oonon 12 .18 nvaa (4) aao Py voay Panoi ox 
e 2 = e 4 :Pap3 ( 2 ) aaoa noroxP rmonP na nomx 

1 . a2 l 2 

2 *k*A 2 = 2-m-v max 

nvo rmpn nn’non yno pp ami ppaix 'papa 10a mvox fmo mr 

.ivPn’oaa x>n Ppoon 

naooi ,80N/m 1 P 0 ^>9pn yiapo ^>9pP naopj 5 kg Po noo moan 
naanioo xm 00 , Ppoon nvo mipi nnno 40 cm noo Aliily . 

.nnooo 

?Ppoon nvo naipj nx naaiy x>noa noon nnmo >no .x 
?>iaa ^> 9 pn na napoP nyoo noon oxn a 

w.." ' :: : , .... ■ . .... . :I§§ 

fa noaixn pwo xsoi Ppoon m>o naipn nia>non nx 
Foonoj .Ppoon >100 mipj fai naanioo noon na naipin 
aonnf XP) n>PPan nomxn nxnon Po noon -paa 
mom ^>9pn nin>no nxi nnaia n>Px>a3oi9 nomxa 

:Pap 3 i (Ppoon >100 naipio 

lya» •» 9 


x :fana 


mm ? ?! a 



























































nnano mini - 12 pas 


^>apn na ntipim Ppoon*>n>o mips i>a pnaon hk ksoi .a 
:Ppoon m>o mripia mman pno >*r> Py ,>iaa 
mg = k -x 0 . 

■BiiiMliii* 


Xo = 


mg 


C.O O 

= = 0.6125 m = 61.25 cm 


80 


fpo mip3 Pyo 61.25 cm nKsoi >ma ^npn na n*np3n 

.PpOOn 




ills 


it rrnpia .noon PiPooa am>a nnmn ntipin on aon3 
11 k looi .oskP pp nno mo3>pn nuaiKni ,nayy3 noon 
lilii .A'-a Ppoon noo irnpio itn nmpin Po pnaon 
:nPnnna nnaiKn )>ai itn n*np3a nuaiKn i>a 

|-k-A 2 = *-k-A’ 2 > A’ = A 

pnaop nnt pnao Ppoon >n>o mip3 Pyo nPiy noon 
Ip: ,40 cm Kin nt pnaoo in>ao .^>apn nnoi ia mPnnnn 

.>iaa '(’apn na naipiP noon yun 




rmiNi noo ya mb>p\y 12.9 

o>Pyi9 kP nao naayoao ion oaapn pyoa unooo nnaiKn aio>o pin 
6 p*i9a uaa>no anK aio>o pin .yiap aKoi nnaiKn Pa *jo o»3iy>n mnia 
<py3 ok i3»n ,mui3 n3>Ki noPyi ni’K nooo aoKo noon aio>o pin Kin 
.n>a>aa Po moon oiao K>n nayun noon ,itP it moo >no 
>300 aanoo .nuai n 3 >K onaai o’pina nPK mo>o >pin >30 Py mPanonn 
mo>on pin PaK ,o>ayo naana ooyy 09 a o>aio o>an>p on nPK o>pin 
.n>ri3K-noo mo>o pin Kim on>3o dk nnKon aio>o pin Kin >n>oKn 
noniKi ,n>Aa3KP *ri9nP nPia> noo i3»n ,n>Aa3Ki noo i>a mP>po no»p 

.nooP *ji 9 nP nPia> 

:Kin (monan mon>n mm miooa Papnoo) on>3>a aopn 


E = m - c 2 


( 12 . 12 ) 


Pnu K>no p>aa aiKn ma>no K>n c-i noon K>n m ,nna3Kn K>n E aoKa 

c=3 • 10 s — : 

sec 

noniK ik noniKP noo na> 9 n i 3 »n ,o>3ii>an >3oa aayo naKno it nKiioo 

.nooP 

o»oioKn o>a>Pnna K>n it nKiioo no»pno ia auoP naio nmi*T 
Po noon ,oi>Pn >oiok o’ayin onnKno io>o >oiok ona 000 a o’omnon 
niop kPk ohik iay>o p>on >oiok nooP nno ni’K moo oi>Pnn >oiok 
. onon nayvo nuaiKn aipo Kin nt oa9n .oyoa nioo 
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nnaiNi tvmy - 12 p*o 


j?9Wl 12.10 

nm p*i nnPn n*myn moa .pta nPn nPv *r>Pnn N’n n*my n”wy 
2m Pv *r*n tunP ION Pvy no o>p>y9o nwNa .Pyo hid OhiNPv pnynni 
V’9NP 03 .nyv lP>9N IN JlflN n>lY/ *plN nt t)N )>3 ,20 J Pv niiiji o>\iny 

:v*rn ivno mu naoyn n”vy asp jin 


pt jvr>n>a n>vyin n*myn moa - paon 

.(Power iPPiiNn nP>on *m>p) P wni pioo p9©n 
:n>d paonn Pw nNiwon (yop no) nyop N>n n*nayn nwNa 

(12.13) 



pa©nn im»m 12.10.1 
no>v;a p9t>nn irrw .paonn Pv jirt>n>n Py rinPP p>i n nNiwoo 
N>m nPwo o\y uni n m>n>P Pin Joule/sec ni>nP miQN nmn M.K.S. 

.w niNa msipoi (Watt) onii nNnpi 


[P] = 


[Joule] 

[sec] 


= [Watt] 


.n>iv Pan nysann l J P© n*nay awNa p9t?nn - l Watt 

.erg/sec :pP N>m tnim p9t>nn imn>P )>n C.G.S. im>n>n no>va 

no N>n M.K.S. nvrwn no>wa ni’Nv ovnvn »na n>vio>w poon m>n> 
1 HP = 746 Watt :*TD *mion (HP) tnon 


nNnpin n>wiu>w (?p9on nPi) n*my jvnn> nn»p ,nNt ruoiyp 

:(KWh) nyw-DNiiP>p 

[KWh] = [KWatt]• [hour] = [10 3 Watt]• [3600 sec] = 3.6- 10 6 [J] 


W = F-cos(a) *x 
_ F-cos(a) -x 


noi paon 12.10 .2 

.win asi>n non pai paon pa -wpP p>i 
:Ntn rnoyp >w>anv pioo 

:Nin paonP >w>an on 



:*ra *r»on nmio nysionn nn»non 
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n*my - 12 pas 


P = F-cos(a) -v 


HKaoi 

(12.14) 


... . 

fro .’paw ona by 90 km/hr bo nyiap mamoa nyou noiao :nmn 
Kb tKon) nmna .n’liaon by byia 1500 N bo ynp *Tiam 
?yuon paon mo ,nyun Jin>u>b bmio yuan paon bao (miai 

m£ '■ :■■■■■. . ' .. . .'-'Mi/:: 

*pamn mab mw yoon ma ,nyiap nmaon jmmoo jwao :ima 

EF = 0 .noiaon by byian 

F - f = o «f ■ . 

F = f = 1500 N 

V = 90 km/hr = ~ = 25 J£ :K»n immon 

3.6 r sec : . 

P = 1500• 25 = 37.500 W = 50.27 HP :Kin paonn 

>y*>apaon 12 . 10.3 

npon ba 70 npibn n> by ymoo paon amnb aoaK yiap ipn man aoNa 

:naaK naiayno )otn ba 70 a n*naya 


P = 


AW 

At 


(12.15) 


,am> asp ior paa by noyi yyioon awmn - am> pp At ptn yopo baa 
:>yvan paonn hk bapi oaKb 7KI0 yarn yop n bmao ay 


_ ,. AW dw 

P = lim -7T- = -— = W’ 

A£ —> 0 At dt 


>yi>a paon 


(12.16) 


o>o 100 it np*r ba nation naKoo bo yyioon paonn mo 
?4 m/sec bo mamo onb wtmi 10 m bo poiyo 


• v2 


AW = AUo + AEk = mgh + j-m-v 


AW = 100-9.8• 10 + ' • 100-4 2 = 10,600 J 
At = 1 min = 60 sec 

P = ^ = 1Q ^ Q ° = 176.67 W = 0.237 HP 


:awn 


illlili 
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n»v»Ki rvmy - 12 pna 


12.11 

kP nmnnoon .n’VOK Po o’lfco mta v> niiao >*r» Py rvmy moi> Pm 

.(oinP *ip>3>3) ntyv K’n nPo imooP 
.no rppvion rrmyn poi miaon p npaion mmyn po on>n K’n niPoo 

:(Tj) nO’K fl’JU’n J11KD 100100 HlP’33 


_ w pain 
71 W upunn 


(12.17) 


nPm n>nn npaion rvmvnv pro KP n>mKn mo’o pin o»’pnoo pvoo 
l-P mw ik) l-o mop t’on n’nn niPnon pPi ,m>poion mnyn p 
7) < l (’PKt’Kn op’pn mpoo 


onooo Pnpi ,iotn o*mo .niPPin imini nmoni mion hk ppm ok 
:dkod mm oa ,pP .irmio nipmn .paonP nom 


= P pain 
11 P opium 


(12.18) 




^?; 5 mK#6a*sr i : 


|onP nonm 20 m popo o’o *io’P 10 npt Pm ipkw naKoo 
,30% K’n nnKoon yuo mPom> pro ok .5 m/sec Pv nn’no 

?noKoon Po yuon poon mo 


:amn 




AE = AE k + AU g = ±-m-v 2 + mg-Ah 


.m=i0kg :pPi lkg K>n o’o Po tok no’P noo 

:Pnpji oow 


ppni 


AE = *-10-5 2 + 10-9.8-20 = 2085J 


:n>io iooo n’AmKn iiaom Kin paion paonn 


Ppgin = 


AE 2085 


P p9in 
P opium 

P Opium 


At 




60 


= 34.75W 

IJiiP’sin#ip>a Kuoi ypoion paonn ill 


_ P pain = 34.75 _ 115 


0.3 


83 W 




iillf 

W 




























n>A*iJKi rmisi - 12 paa 


plan oid’o 

pnyna nynnn p>aao man a>aa nbaan N>n «p by yiap ms ntnyo nmayn 
w = F-cos(a) -x .<pAn «k 70m Kin miKbo 

:(Jouie) biH’An N’n rrmyn imm M.K.s. immm no’oa 
1 m nn»i *yx by byia Kin noNa in bo ma n> by nysann 1J bo n-msi 

.man nbiya p>aa 

:(erg) AiKPK>ntmayn imvc.G.s. imm>n no>oa 
imm *pA by byia Kin noKa l dyne bo ma n> by nysann l erg bo rmay 

man nbiya p>aa 1 cm 

Wsf = SW F .mman ba bo nuiayn oiaob mio bipon man naiay 
w = AE .rmay moyb nbiam - nnniK 

Ek = i-m-v 2 - nn?j>p nuniK 

U 0 = mgh - nnaia n>bK>sioia n’AaiN 

u e i = ^-k-x 2 - moobK mbKnooia nn-iJK 

bo n>oi>pn nnniKn >u>ob nno bipon man nmay :n>Ai3K-n*nay pnp>y 
Wsf = AEk .<)1An 


n’AajKm n>03>pn n>A*UKn bo bbian oiaon - E -n>bba maan n>A*i3M 

.mbKnuoian 

mmoa naayn bo n>bban maann n>A*ONn - maann n>A*iANn mn>o pm 
.rmay D>yaa»n o» 3 is>n mma nanynn by o>byia Kbo pr ba ,nyiap 


>noba nnaan nK>s>i no>aa pno) naiao naayna - mviaKn mn>o pin 

.yiap *moa manaKn ba 70 (nann 

l 2 .I l 2 11 

2 ’ m ‘ V l + Ul= 2‘ m ' v 2 + U 2 

E = me 2 - maaaKi non pa mb>po 

.pt nt>n>a n>oyan rmayn mna - paon 

AW 

P = - yamn paon 


P = 


lim 

A t —> 0 


AW 

At 



- >ya>n paon 


w jjgm _ P pgin 
71 w upturn P upturn 


- mb>s3 
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mvuNi fniw - 12 pna 


F IN] 


romyo ms b\y n*my - nao*3 

.ninvo no n> Py nmran n*myn >no awn) 
onwP pnynn Pw nopiOD F did nunwn jin in non <px Py *p ovD Panto 

.Pyo Nin 

mnvo pnynnvo n*myn nN nooP >*td 
o>yopP pnynn nN ppm x 2 -P xi-o 

.Ax ooop 

oyoa non ionav ppn yopav noj 

.nmvo O’Ni 
:N»n yopa n’vyjn rrmyn 
AW = F-Ax 

:N>n nvyyjn n*myn Pd *70 
*2 

W = ^F-Ax 



F IN] 


r-r 
x 2 X [m] 


w»py ,nm> dto n>n> nvyw in>pnv >*td 




*tnN Pd *tdin dvnd no pmon pnnan 
^nw tnaooi ,oqnP <^nw o’yopno 

,<ptO’NP 


lim 

Ax 


V 2 ' f X2 

Y^F-Ax = / F 
°Tr Jxi 


:Pdavo>nP 


dx 


.rumon m3 Dm rmiun :12.19 tps 


:N»n mnvo no Pv moyn pp 

-L 


rx 2 


W 


F dx 
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nnniKi jvray - 12 p*>a 


pnynn pvaa man a>a*i m awna w> pnyrm pn>a u>k mnwon man nwKa 

:N>n mnwo ma miaya Kaon >io>am F-cos(a) 

(12.19) 

asoa nuio u>k Kin la anon p ^’ap nmnoa naiayn nK awm ok ,awoa 

:aapi x 0 mno Kin ia 

W = | X °k-x dx = [^-k-x 2 ] o ° = i-k-xo 

mnj aya man ay aanona p>j nn ,man aw anxoi>Kn K>n naiayn ok 

:n*myn 

(12.20) 


.n>aK>2Hvm noniK ia t>n>a po .novo ma Kin man awna 
Ka Dima miayi (w c ) onowo mnia miaya niman miay jik t>aai 

(w NC ) onowo 

W = AE rmxaiKn >m>wa nnw naiayn aa *ja 

W c + W NC = AE 

n»aK’U3oia nnaiK aKa nowon man n*my aK orn’nna boftVuniK ok 

:>nn ,own <pKa nniK n>nynai 

W NC = AE - W c 

.onowon mnian rmay o«>oa nPK’uioian noniKn dk pa ami 

,po nowo ma aw nnpoa 

( 12 . 21 ) 


nowon man tk , do won man aw amoi’Kn K>n maKmiman noniKn ok 

:n>aK>yioian noniKn aw inum oo>o Kin 

( 12 . 22 ) 
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nn-uNi fl*mv - 12 p*a 


J115NV 

nro-iiN’n jubNV 

?mny Pv jvPNpman nmAnn mo .1 
>ovoim vio>vni mm Pv n>PNp>o>9n n*mnn ia P*nnn mo .2 

?”n*rny” Avion 

?mny ymo nP no ora o’Nmn ono .3 
?nPpo in mopu Pm N>n may ond .4 
?inK na Pv may PonP nPa> ton na Pv may onh .5 
?n>P’Pv *poji N’n *ra>nn na may yno .6 

?n>A*ON mo .7 

?< 1 iA Pv n>A*iiN i>opnP po ism ,<}ia Pv nmiN PnAnP pu tya .8 

?n>ao n»A*ON >no .9 
.noAn o/p ?mno na mo .noAn o/p ?novo na mo .10 
?<inn Py Pyan Pipvn nan may nuv noP .11 
?nn?i>p n>A*i3N mo .12 
oinm *uv>o jin nmnP oP *mio yno ?Jinna n>PNaJoi9 n>A~ON mo .13 

?iMura nnna ji>Pnuuoi 9 n>A*UN mvmP 
nv’o jin *unnP up iion yno ?ji>ooPn h>Pn>3joi 9 n>A*UN >no .14 
?iun*a jimoPN juPNaioa n>A*ON nvmP oinm 
n»A*UNn *no>v pirn n>aon n>A*«Nn nio’v pin ia P*mnn mo .15 

?>PPnn , 

?n’PNaioi9 n>A*UN nmnP po lima Pv Ait? nt’NP .16 
n’AiiNn movi ,<)iAn Py juna o’Pyav jmoP ,ora ominn ono .17 

?ji>PPnn n>aon 

nwoNn movi ,«iiAn Py juna o’Pyav naoP ,onn o>Num ono .18 

?nmi’pn 

?a3N ^’9pn n>A*uN >9iP>n Pv mvmn ju*m mv po .19 
? 1 ioiu >pinn oipon n>aon nuiJNn *no>v pini vio>vn innm mo .20 

?p9t?n mo .21 

?”onii” ,”a*in” ,”Pin’A” rnnmmo jmN Pn Pv nmAnn mo .22 
?Nm ’Pnp’O’q *y*iy nnN Pv mm> ?”nyv-oNiiP’p”n mo .23 
?l-P nnv in nx>p *r»oii mPoun ynoi ?niP’!» mo .24 
?pnynn Pv napian nan <i*iAn NiPnn novn niyovo mo .25 
:o»Nin onpon n>A*UNn ’PiaPa jin ma»N piNn >/nNn .26 
.nonoo nmPnnn nnmon nPyo >9Pn pin <in .n 
mipio nooio ,ppn novo Py nnuoi ’p9iN ^>9pP nnvpn noo a 

.nmnivoi Ppvo >n>v 

man ,nPyo aPn nmPnnn nnmo nmo nPnpo ,ia nptnio pN .a 

.nn nypiui yiNP 

Py yi ,pPn nP novo Py nmPnnn nnmo Pnpoi to prnia ynoo .t 

myjv *ry novon 
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o’aojki noioy - 12 pi a 


iivaw*n 

•H 00*1 

ok non y>pooo noioyn mo .10 m Po *po *piKP pyi9 20 N Po no .i 
:K>n <inn Po niotpnnn in>o yoi n3f1 1’^ n>ntr» 

180° (5) 120° (4) 90° (3) 60° (2) 0° (1) 

71 P 0 jwo’pn nmiKn mo . 4 m/sec nnmoo yi 1 kg inooo im .2 

?nimmo ’no .250 ,000 J Po n’oi’p nn*OK 800kg nnooo noiooP .3 

Km 1 P 0 n’DJ’pn nniiKn 40 m/sec Po immooo <in Po moo mo .4 

73200J 

. lm mono pPio Py mio 100 gr mooo 190 .5 

?D9^nP on>o *i9on Po nnoion mPK’yioion nniiKn mo .k 
? pPioP onm i9on Po nnoion ji’PK>yjoi9n nnoiKn >no .0 

. 10 J Po nnoio Ji’PK»yjoi9 nmiK 0 . 5 kg nnooo no9ipP .6 
?no9ipn ukuoj oin>n *no’o Pyo non nmo 
ji>Pk>ojoi9 nn*nK iP o’ ypipno 80 cm Po nonoo <pA Po moo >no .7 

? 1.6J Po nnoio 

1 P 0 ^>9pn yiopo ^>9po muK ri’ooPK n»PK’yioi9 nn*OK noo .8 

710 cm -0 non Kin ok 200 N/m 

.10 J Po h’ooPk n’PK’03oi9 nn*OK 10 ninKi 40cm-o non ^>9p .9 

?^>9pn yiop mo 

n>PK’omi9n nnnjKnoo 50 N/m 1 P 0 ^>9pn yiopo ^’9p noo noo .10 

?10 J Km 1 P 0 n’ooPKn 

.l.2m mono pPio Py mio lkg mooo «in .11 
oio’o ok inPioP nomno ^nn JiKPynP nomn n*noyn mo .k 

?n9onn Kin oinm 

*iio>o ok inPioP n9mno <inn JiKPynP nomn noioyn mo .0 

?pPion Kin oinm 

?w nPKo niKumo p’onP poo nipoon mo .a 
?2 m/sec miimoi 4 kg mooo <jn Po nmi’pn nnoiKn mo .k .12 
?2 m/sec Po nnmoP nnnoo <inn jik K’onP nom nnoy noo .0 
Po nnmoP 1 m/sec nnmoo <jnn hk K’onP nom n*noy noo .a 

7 2 m/sec 

?2 m/sec nnmoo <inn nmyp nom ntioy noo .0 
.5 m Po *p*T tiikP ^n mvoo 7010 20 N Po yiop Pipo no .13 

?non y’pooo noioyn mo .k 
— ?<)nn Po n’PPon nnoiKn >n>o mo .0 
?<inn Po n’oi’pn nniiKn ’o»o mo .A 
.2m Po tit tiikP 4kg Po noo ,nyiop nnmoo nPyo >9Po *joio nio .14 

?nion irrioy mo .k 
? nnoion n’PK>yioi9n nmiKn >n>o mo .0 
?ji’oi’pn nnoiKn >n’o mo .a 

.niPKon f)ioo *ri 9 io niymio niPnii p9on >kouo jiiPko 
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nna 3 xi naiay - 12 paa 


•pa *jaixP ,>p9ix novo Py niion <\\x mvaa *pmo ion 'w >p9ix na .15 

.<inn Py 2 N Piy yiap na .5 m Pw 
?*TYnon ton y>pwav naiayn mo .x 
?*Tiamn na utim mo .a 
?>Poaim nan nnii) mo .x 
?Pip\yn nan naiay mo .a 
?<inn Pw nmi’pn nuaixn >i3>\u mo .n 
?n nPxvo prnnP pov nipoon mo .1 
Pw *r*n *raixP ,ikg moov <in nPyo rnPa nia>it» ivno 20 n Pv> na .16 

,«inn py Pyi9 2 N P\y yiap iiam na .5 m 
?*T\yion nan y>pwo\u naiayn mo x 
?*jiamn na naiay mo .a 
?Ppwon naiay >no .x 
?Pip\yn nan naiay mo .7 
?<)wn Pv n>o3>pn nnaixn >i3>v mo .n 
?<)wn Pv nnaian n’Pxnuoian nnaixn n3>iu mo .1 
?ir nPxvo p>onP p>3\y nipoon mo .1 
.100 N/m iPv ^9pn yiapw >pa 1H Y a P^ nawp nt»o .17 
xm\y asoP >197 xmv aaoo ^>9pn nx nmoP nv/iaa naiay noa .x 

?i m nmo 

aaoP 1 m nmo xmv aaoo ^ 9pn nx nmoP mnaa naiay noa .a 

?2mnmoxmv 

aaoP 1 m ^iiao xmv aaoo ^>9pn nx nmoP nviaa naiay noa .x 

?l m nmo xmv 

.rramn 10 2 m nana nnuoo aanwo <iu .18 
.ypapa nv»A9n yAaa miarno nx nnaix >Pip>vo >/xao .x 
?n9saP paaj ann ox ,ny>A9n iota omP na9n nnaix noa .a 

.4 m/sec niamoa nPyo mPa ypapn >390 pan <in .19 
,<iwn yn> vPx »Pomaon nann nx nnaix >Pip>\yo >/xao .x 
.ypapa <inn yA9> na niamon Pan nx nna3X >Pip>\uo >/xao .a 
.10 cm anxP ayyn a>pa 200 m/sec niamoa yAi9 10 gr moo\y y’Pp .20 

?a>pn n’ Py nypvion naiayn mo .x 
?omP na9in nnaix noa .a 
?y>Ppn Py Pymn yaioon nan mo .x 
10 m/sec mamoo 20 m Pv *pa *yaixP <^n ^>xo 20 N Piy >p 9 ix na .21 

.20 m/sec mamoP 
?Pipvn nan xm nbnv nhina ,<inn nt?o >no .x 
Pw *iiam na Pyi9 >p9ixn nap <iona\y nnma ,<iun noo mo .a 

?2N 

?’a-i ’X o> 9 »yt?aw onpoa n>o 3 >pn nnaixn >o>w mo .a 
?’a <pyoP nawnn 10 pnmP pov mpoon mo .7 
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nonflfi nmy - 12 pna 


anai oinm -nv>o .20 m/se<* nnmoa nayo >aaa pnti l kg moov <iia .22 

.npntn irnpia 

nuuNm nnaian rpaN Riolan n>A*ONn ,ji>ovpn nnuNn mo .n 

?npntn yA*ia <iiAn av n>aaan noaon 
iwiJKm nnaian n>aNmoian nmiNn ,n>to>pn nuaiNn ’no .3 

?5 m naua <iiAn av n>aaan noaon 
n>A*iiNm nnaian n>aNmoian nuniNn ,n>oppn n’AiiNn mo a 

?nann N’va <iiAn av n>aaan noaon 
nm oinm nv’o on /a-’n o>a>yoa niaivnn nunvo im *T3>a .7 

anaun N>va 

.2 m/sec niimoa l m naiAO noo >aaa pnti 5 gr moov nmooaa via .23 
ypni vnn on ypapa nynan iota *)ua naaiN nnniN noa .n 

?nama 

?’N <i>yoa naivnn nN nivo awn *iiv>o nnrna ono .a 
?nayo >aaa nm npntn inn on mnvo nnm 'Na naivnn onh .a 
nnnmo hn no>NO 2 m/sec nmannnn nnnmoi 2 kg nnoov nnm .24 

,n>ay avian 2 N av yiap *pam na aaAa 
annnyn 7yi nyunn namn vaio nnaiNn n»A*ONn moa mo .n 

?*pn>nn na irnay >no .a 
amyyiv 7y na>nn nnayv pmon mo .a 
.40 m av nawa y»Aoi nayo naa pnti 2 kg moov <iia .25 
?*T77n aa *r*iiNa naian ma naiay mo .n 
? n>ayn -janoa it nniay naain noa .a 
vay ayiav nnoa nnovi <pAn av n>aaan noaon n>A7iNn ONn .a 

?yno ?7aian ma 


*a noa 

.novo ay nnon 2 kg inoov <iia ay ayia na ona onpo 5 ioaa .26 
.nan naiya namn oaa nnooa n>n nun .10 sec *rvoa ayia nan 


30 N ION 



•a. :pan novonv nnma .n 

?l0sec nnNa <iiAn av pnynn mo (I) 

?10sec *yvoa nan y’pvov naiayn mo (II) 

710 sec *mNa <i)An av n»aaan noaon nmwn mo (ill) 

? 0.l-a nnv -pnrnn onpo on i-m-a niaivnn unv> 7sn .a 





finnsHi nTTO> - 12 jns 


noon .50N/m 1 P 0 >apn yiopo >paia mwp 2 kg Po noo .27 
.omnvoi ni>o> 10 cm ^>apn na ommo .pPn novo Py nmio 



?am pmi .noon Po n’Pomoon nmnon mo .a 
?noon yon n’Pa .nrmon nnipiP Paowo ’Po’ooon pnnon mo .n 
pPn yaioo mom npyoo 200 gr mooo <in nynp nnmoo nPyo no .28 
.yawon nw»oP Pnpoo Pyia non .30° mono 
?i m Po Tn *j7iaP poion non rmoy mo .a 
?w Tn nnNP n’Pamoian noman >o’o mo .0 
?n *p7 nnaP nmi’pn noman >u’v mo .a 
?’Po7im non rmoy mo .7 
?<inn Po n’PPon nooon no-nan nnovo oan .n 
iw>o npyoo 200 gr wooo <10 2 m/sec 2 Pw nynp nmano nPyo no .29 
.yawon mo’oP Pnpoo Pyia non .30° 111 'iiw pPn yaioo 
?l m Po *r*n TiiaP poion non rmoy mo .a 
?ir pm -map n’Pamoian no-nan nvo mo .0 
?it Tn -map moi’pn noman ’ii’o mo .a 
?’P omm non rmoy mo .7 
?<pAn Po ri'PPon nooon nonian movo can .n 
?4 m/sec am nmPnnnn mnmo oa ,1 m -map <^on nnrno mo .1 

.ppn nooo Py A nnipio noo nasoi ono onuo 2 *joaP .30 
:oa B nnipn noon nnmo mo 
.A mipjo nmm noon .a 
.yavwon mo»on 77100 l m/sec A n7ipn noon nn>no .0 
.yawon mo’on nPyoo 1 m/sec A n7ipn noon rmmo .a 




.1 m Ionian omo nmwp 2 kg Po noo .31 
.rmnwoi 45° Po noito nooio noon 
■n r, .nnot nnian nminn 

?nooon noman mooi oan .a 
?onm nio ni>a omo ninmon oan .0 
?c-i b ,a nmpio noon rmmo mo .a 
? nyunn *roo>n ’no 7y .7 
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nn*mo may - 12 pna 


2 m Po pn*io , 2 kg Po noo nPyo 50 N Po od ora onpo 3 700 P 32 

.30° io>mo vqwq *iiy»o npyoo 



12.24 TPS 

:pPn nooonv nmra .k 

?o>*ipon 001 P 00 *rnK Pdd ,*joion ron o*ray >no (I) 
tmk Pdd ,^nn Po o’PKPnoion n>niKn naain >no (II) 

?onpon owiPvo 

oviPoo *rr»N Pa ,<inn Pw o>oi>pn nuunn osoio >no (III) 

?onpon 

:0 .1 -P niw *pD>nn o*rpoi ,*tid>o w>v nmra .0 
?onpon 001 P 00 ton Pdd ,*j\yion non may >no (I) 

?o>*ipon oviPoo *tok Pdd ,*ja>nn od may >no (II) 
oviPoo *rnK Pdd ,«inn P\y o>oi>pn o , a*okd ooom >no (ill) 

?onpon 

ttik Pop oioono ook Pd Pw m*i>non ok n>njK >Pip>wo kuo .33 
.1 m Pw pn*io nnuoo nyj oD*iyon\y ddkP o>KDn onpon oyDDKO 

mj=4kg ; m^= 6 kg ; m 3 = 2 kg 



.*ra»n i>kv nniDD k 
. 0.2-P mw *pD>nn o*Tpoi *ra>n w>o nnma a 
.50 N/m iPw ^> 3 pn yapo ^>ap py o>Poi 1 kg P\y noo .34 
mo ,Dpoon >n>o mipiP py okP okP noon ok onmo ok .k 

?^>opn Do oanKonn oio’odq 

oio>odo mo pan ^>3pn no ntipa noon ok oany ok .d 

P'popn Do oaDKonn 
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n’AaiNi n*nay - 12 pno 


jin ammo ,50 N/m iaw 'papn yiapw 'pap ay lkg aw noo o>am 
.onanwoi apwon ’ii»w rmpi nayo 10 cm noon 
?apwon now mipj jin maiy Nmwa noon nnmo ’no .n 
?noon y’AJi vaNw apwon m’w impi ayo ’ao’oaon nann mo .a 
?’iaa ^>opn na nnpm jin maiy noon ONn .a 
.50 N/m iaw ^>opn yiapw ^’ap jioiya 10 cm ji^’i'ido 2 kg aw noo 
. 0.02 Nin nowoni noon yn ’oppn *pamn o*rpo 



.35 


.36 


?^>apn jin noon nany mtipj ir’Na .n 
nmnnwo noon na nnipia ny ^apn >*t> ay mwym miayn mo .a 

?^>apno 

noon na n*npiP iy inmn ma >*t> ay ji’wym miayn >no .a 

?^’apno nrmnwo 

?^>apno noon nmnnwo na immon mo .*t 
?*iyy’jiw *ry yoa noon f’wonw pnnon mo .n 
’paiN papa mainon 3 kg aw noo 30° aw 11 'iin 7010 40 N aw nia 
nowoni noon pa ’oi’pn *pamn o*rpo .60 N/m iaw papn yiapw 
ntipia nnooa Nm awNa noon ay aiyaa amno man .0.2 -a miw 

.80 cm *piNa nniN *jwioi ,»ia*i papn na 
?*Twion man jniay mo .n 
? papn miay mo .a 
?*pamn jniay ’no .a 
aw n’aion Jinmon mo .*r 

12.27 TPS 

papa mam po nnNi oma moo mw mm ,ooiw onpo owa 
nm papn ia auoa nnooo mmw moon .50 N/m iaw papn yiapw 

.’ia*i 




.37 
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iwiiki tvnav - 12 pio 


r! 4 m/sec N’D A D*T1plD DDID’DO -TID’D OOD PlPOOD DP O’DD D3DD .39 


A 



?B,C,D,E,F DUIplD DD9DD DVl’DO ’DO N 

DP’D90 F DDIplD ON , FG pDDOD IDO ,D’A*1AN ’Plp’OO ’/N30 -D 
DO’UyP O’ODIADI ,0.6 PO TID’D OtpO 0’031’D ,D’OPD DN DDDOD 

. ?G DTIplD DDDOD 

dP’i> 900 >ii3’0 dd pro Pd Pyrav diooP D’aoin oiony o> yno .a 

pdP’ood 

?(PpOOD) T*IND D1*TD P’D900 ODD DIOOP O’ADIN DIO’W O’ D1*TO .7 
T’QpD PpOO ’11’V DUOD .m OOO O’lPD k IPO T’9pO PDpO T’^P ^ -40 

.Ppooo >iw DDipiP onyo A tou pnoo T’Qpo dn d’omo ,x 0 dido 

.d’mnooi 
PPpOQO ’1W ’N1D IDO .N 
(m,k,Xo I’D *lOpD) 

,0’TllDO D’PN’310190 O’ADANO ’DO .D 
,PD1’D ODIOID D*T1plP OO’D 
7DOOOWO DOOD OOND 
,D’*niDO D’PN’310190 O’ADINO ’DO .X 
OOND ,001’D ODIOID 0*T1plP OD’D 
?PpOOO >1VV D*T1pl DN DODiy DOOD 
OOND OD1ANO O’AOINO ’DO .7 

7D77D1VO DOOD 

OOND T’^P 3 D71AND O’AOINO ’DO .D 
?PpOOO ’11’V D71pl DN DID ID DOOD 
PDODOIOO DOOD DOND DOOD bV D’Ol’pD O’ADINO ’DO .1 
?PpOOO ’ll’O D71pl DN DDDiyD DOOD PO D’Ol’pD O’ADINO ’DO .t 
D1DOOO D71pl bV 0’D300 OO O’ADINO DIO’O DNIIOO ’DO .D 
>N1D PO ’10’DD ’/DiyOl DNIIOOD DN ’/009 PPpWOO >11’V D71pl1 

.DOOD P\U PpOOD ’11’W 

?’D T’yo PV ON31DO p p’OOP p’lO DlpOOD ’DO .O 
’11’VA D71pl I’D ,001090 0DD13D ,0’A01ND D10’Y> DNIIOO ’DO .’ 
D71plP DDyO (x’ < X) X’ DIDO T’^pD DD 071pl 1’DI PpOOO 

?PpOOO ’ll’O 


Xo 


m 


12.30 IT'S 
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mvtiMi n*ray - 12 pna 


v=2 m/sec Pv immo nPopo M=2kg Po noo ono onpo 4 *jo9P 41 
.50 N/m iPo ^’Qpn vnpv noo ion ^>apo pnnoo 



(4) 


12.31 IT’S 


(3) 



?ppn nooon ok ^>opn nmonn oio’opo mo .k 
?// K =o. l ok ^> 9 pn nmpnn oio>opo mo .o 
^> 9 po lm kuoi 2 kg mooo <iu 
Km iPv ^> 9 pn yiopo noo non 

.100 N/m 

:o>Kon o’Kinno tdk Pan "p 9 pn nmpnn oio’opo mo 

.nnuoo imnwo noon .k 
. noo >9 Pp l m/sec Po immo nPopo noon .p 
.nPyo >qPp l m/sec Po immo npppo noon .a 


.42 



12.33 IT'S 


,l.5m ippiko Dim nPn nno .43 
30° Po n»im ooio imn 

.-nniooi 

nooo >*n Py yiQio nvtpn PiPoo 
*mmn rmpiP nnno lm yipim 
a ioPo>opon n'mn mo .omn Po 
?imn yoo n’PK 


.30 m mono v* 1 omo n’psiK npnr-p pno lOOgr mooo <}U .44 

.30 m/sec Km ypppp nynan ymp mnmo 
.imn Po npmn nnmo hk noniK >Pip>oo kpo .k 

?ypppp nynsn non mo .p 
pp*n ^un ok ,ypppp nyuan nyp omP npom noroK nop .x 

pnsmP 

nniKp mum yo ntmo pnpn ok oinP room noniK nap ,*t 

?np y*9 no immon 
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nn-iiNi naiay - 12 pan 


<)nn .2 kg mom; <in ay ninia aaoo tpayia ona onpo 6 *r>iaa .45 

.nowon ay 2 m oapno 




12.34 irs 


:pan nowonw nnma ,onpon» ann >/niy n 

nan aaia) ^nn ay o>ayian niniano ana aa naiay >no (I) 

?(apwom paoaun 

?^wn aw nnaian n>aNmomn nuaiNn naom >no (II) 

?°|iAn aw n>o3’pn nunixn naom >no (III) 

?oina naan noajN ntaa (iv) 

oapoi ,pan xa nowonw nmna ,t>npono anx aa >aia vniy .a 

:0.2 -a nnw *pa>nn 
?*jia>nn nia naiay >no (I) 

?ninian axw aw naiayn aiw>n nmwn oxn (II) 

?^nn aw nnaian n>axmoian nunixn naom >no (in) 

?«iun aw n>oi>pn noajxn naom >no (iv) 

?oma naan nnaix noa (v) 
nyiap nwnoa nayio 2 kg aw noo .46 
p ,o>aiaoo aaooa >aix aiw>oa 
nn >/awn .f naipjn an A naipin 
aaa aaian nia ana n>wym naiayn 
aa -jo nxi aiaooa o>aawno anx 
anx aaa .aiaooa n>wyin naiayn 
:o>xan omaoono 
W ab + W B f(2) W af (1) 

W ad + W D e + W E f (4) W AD + Wdf (3) 

W a d + Wdg + Wqc + Wcf (5) 


2m 



- 283 - 
























n>A*uxi n*mv - 12 poo 


Oy ,5 kg Oo non Oy 0 yi 9 n-n 3 non ms oxinn om o>opn no -fn^ .47 
nri’n <^nn nion n 0 iy 9 n 5 >nno .pnyn 5 o n^pii90 mo Oo <pA n> 


.4 m/sec onn nio’nn 

F [N] F [N] 



12.36 ivs 


?20 m *pix 0 o>opnnn 7 nx Poo man jrmy ’no .x 
:*r>n>n iron kid <pA9 oxmnn mono nnino .0 
?20 m onxP <iiAn Oo nnn’pn nmixn >u>o inn .1 
?20 m onxO inio'nn >nn .11 
:1N 0o *po>n nio 0yi9 nioO <)omii nmno .a 
? 20m onxO <^iAn Oo n>oi>pn n’Amxn >n>o inn .1 
?20 m onxP invonn >nn .II 

Oy nnnno nmmn 2 kg Oo non Oy Piy90 0 >nnn 20 N Oo >p 9 ix no .48 
Oo 20 sec onxO ,p>oon 70 *inxi 10 sec *rono 0yi9 non .’p9ix noon 
oy ,nynnn pi>oO lion pvoo 10N Oo no nonn Py Pyi 9 np09n 

.imyi nonno 

.Pipon non xin nonn Py Pyi 9 n nono nnmo .1 
.pm Po n>yp 3 i 9 o Pyi9n non Po <pA 0000 .x 
. pm Po n>ypii 90 qwn Po nsixnn Po <pA 00*10 .0 

.pm Po n>sp 3 i 90 <inn Po momnn Po <pA 00*10 .x 
.nn>nnn Po mypii 90 nonn Py Pyi9n non Po <pA 0000 .7 

:2 N Po *po>n no da nonn Py Pyioo nmno .II 
.pm Po n>ypii 9 o Pipon non Po <pA 0000 .x 
.pm Po n>ypji 90 <iun Po mnxnn Po <yiA 00*10 .0 

.pm Po n>yp 3 i 9 o <^iAn Po momnn Po <pA 00*10 .a 
. momnn 00 nnipji 90 nonn Py Pipon non Po <pA 00*10 .7 












nwaixi n-nay - 12 pao 


•> non 

'jv ^>ap yiap worn ^>apl7 .onnp m> in nxyoi 10 kg 'yv noo .49 
ap\yon m>w rmpn ,40N/m 'j'o ^»ap yiap Pxovm ^npai 20N/m 
>nny mipio m>o> 20 cm noon nx o>o>oo .20 cm oom 'popn nmo 

.D>aan\yoi >pvon 


40 N/m 


20N/m 


000000000000 ** 000000000000 


12.37 avs 


?t>piyon >iv\y mipia Pxovn ^npn nmo noa .x 
?noon nywo m^x nPomaon mamon mo .a 
ywn nPx .bpvon m»w impio nbxov Po>oaon pnaon mo .a 

?nt?on 

>n>w juipp i>o>o 5 cm nxyoi xm avxa ,noon mamo mo .*r 

?^p\yon 

>iv\y nmpP !7xovo 15 cm nxsoi xm aoxa ,nt>on wvnn mo .n 

?bpvyon 

nmamo awxa noon nxsoi ,^pvon m>v rmpp onn ,p’n .1 

? 0.1 m/sec 

*raNO n<>y>an oy vA9on pn .2 m Pv nano nanna Pmo ana .50 

.Piy nwaixn io 5% man 
?n«>y>aa mwxan ny’A<m anxa man yw> mx nann mo .x 

?n9y>aa noon nywan anxa anan yw> iPx nann mo .a 

?n9^na mn>oyn nyo£>n anxa man yo> iPx nawn mo .a 

nnpma ,<in ay ayi<m man >o>o axino onaw onaA nvnPo -pip .51 

- „ :pnynn Pv 



(3) (2) (1) 


12.38 TPS 

x=o —> x=A :yopa man ysaov n*nayn mo .x 
x=-A —» x=o :yopa man ysaov naiayn mo .a 
x=-A —» x=A :yopa man ysaoiu naiayn mo .a 
? nPo>oao f)wn Pv monpn nwaixn ,apoon -jaixa pm .a 
?n>aoo>o <iwn Pv nmnpn nnajxn pPoon *jaixa pm .n 
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n>viiNi ntttn - 12 pna 


o’yaip .k Nin ^’9pn yiap .L 0 Pd (’19*1 kid *idn 9) »yao tun ^>app .52 
jiyaoP omno ’wn *rsn tini ,ioipoa 'fapn Pd nmpn ion jin 
D ion *piNP yop nPia’ nyaon .n”i ’p9iN 010 P jiPnDion m nnooD 
.onariDOi L Kin ^>9pn yiind *ty nyaon jin D>mo .*fia>n nPP 



?’i9*i ^>9pn na n*tipm jin maiy N’n *idn 3 Jiyaon nnmo mo .n 
immono nnmo N’n immon nn nmpia 'papn nuio noa .a 

?’Na JlNSOD 

5 m naiAn nnuoa Ji’Pyon idno y*ipi ii’Pyo Paa .53 
.120,000N/m iPd ^’apn yiapD pno’nn '{’op Pyo 
map o*m iino’i *i>oao .2000 kg n’Pyon noo 
,nP’9in *rPnoa 4000 N Pd yiap *iiD>n 
p^pa njiy>A9 yAnn Ji’Pyon jm>no >no .n 
?^> 9 pn Pd ’Po’oaon ’{ivan mo .a 
,^9*i 'popn na ntipm Pyo .nann mo .a 
* irmD *mNP Ji’Pyon nntn nPyji vPn 

?^’9pn 

ymo Ji’Pyon jnnyD ’PPan pnnon mo .*r 
,nnooP nyno N’nD nyi ^’ 9 pn nnyua 
Pyia ’Doon ’9ion aaoaD nnm lino 
?nPyo iii’aa 4000 N Pd maa iiamn 
pyiG b n*npmo .pPn iai*iD PiPoo Py nyj 50 kg njiooD uonp .54 
pnaoni 500 N/m, ^’9pn yiap .0.3 Nin ’oi’pn *pa>nn o*rpo .*ria>n 


— 




12.40 IT'S 


,1m Nin BC ’p9iNn 

?^’9pP y’Aii JionpnD n’oaiiD A nnipn ji’Poo’on jmmon mo .n 
pa 2 ’9 nPm A-a jmmon on ,^’ 9 pn Pd ’Po’oaon 'pvan mo .a 

?’NP naiDJin 

naipiP *mnP n’mpP oipajid a ntipia n’Poo’on jmmon mo .a 
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nnaiKi muy - 12 paa 


mPnm paon >Nwm diPkv 

?mnon paon mo .nnK npa *jvoa 1000 J Pv mosi nysao mno .55 
mo .4 m/sec Pv nynp mamoa npyo ma’v’ nPym 20 kg Pv noo .56 

?mwPynP vaam paonn 

low Km man paon .nynp mamoa noo -7010 5N Pv ’paw ma .57 

?noon mamo mo 

.pPn ’paw novo Py 2 kg Pv noo *rvio 20 N Pv ynp ’paw ma .58 

.nnuoo nnyim nPmno noon 
?nyimn Pv nuivKan 3 sec-a ymoon paonn mo .k 
?nywnn Pv nwan 3 sec-a ymoon paonn mo .a 
?nyun Pv 3 sec anKP ’yian paonn mo .x 
onP nmoi 10 m Pv poiyo o’o ao’P 100 npa *jvoa naKiv nanvo .59 

.2 m/sec Pv mamo 
?100% K’n nmPoov nnma ,mnon paon mo .k 
?60% K’n nmPmv nnma ,mnon paon mo .a 
.20 m mauv 70 a nPyoa 100 kg moov 7 yoo nPyo 80 kg moov oaK .60 

?o*tKn Pv many mP’m mo 

Pv ynp *rnm ma avKa ,90 km/hr Pv nynp mamoa nyi nono .61 

? nonon paon mo .n’py Pyia 1000 N 
Km avKa 60km/hr Pv nynp mamoa nyi 800kg nnoov none .62 
ovP vaam paonn mo .npa Paa loom Pv aapa iiaa’oa nPiy 

?n’Pyn 

.50 HP Pv ’Po’oao paon an’P nPn’ 400 kg nnoov mop nono .63 
m>mv npyoa oia’oa nonoP mmp nPn’v mPo’oaon mamon mo 

?nyonn *rPnoa -ynmn mnn nmrna ,10° 
vna Py ywP ’aa 20 HP Pv yuo paonP nvaaj 800 kg nnoov none .64 
kP ,vnam anwn nmmnv nnma .90 km/hr Pv mamoa ’paw 
npyoa yuP nonon Pam nav n’Po’oaon mamon mo ,mnvo 

?10° m»mv 

Pv naw npPan Pv amon mo ,1 KWh -P maoK 30 Pv amoa .65 

?o”nyv ivoa loow 




nuiiNi rmav - 12 paa 


nii>N\yb nm\yn 

W = -200 J (5) W = -100J (4) W±0 (3) W = 100J (2) W=200J (1) .1 

E k =8J .2 
v=25 m/sec .3 

m=4 kg .4 

U G =0 .a U g =0.98J .K .5 
h=2.04m .6 

m=0.204kg .7 

U e i=lJ .8 
k=125 N/m .9 
x=0.63m .10 

W=11.76J.a W=11.76J .N .11 
W=-8J .1 6J .A W=8J .a E k =8J .K .12 

ae k =iooj .a w=iooj .a w=iooj .k .13 

AEk=0 .A AU g = 78.4J .a W=78.4J N .14 
AE k =40J ,D Wz;f=40J .1 W N =0 .A W f =-10J .a W F =50J .N .15 
W EF =41J .1 W mg =-49J .A W f =-10J .a W F =100J .N .16 

AU G =41 J . 1 AE K =41J .n 
W=0 .A W = 150J .a W=50J .K .17 
AE=Q=19.6J .a v=6.26m/sec .K .18 
v=4m/sec 2 .a h=0.812m .K .19 
F=-2000N .A Q=200J .a W = -200J .K .20 
AEk 2=360 J ; AEk i=400 J .A m=2.4kg.a m=2.67kg .K .21 
E k =151J ; U g = 49J ; E=200J .a E K =200J ; U G =0 ; E=200J N .22 
nviinn T11K!7E=0 ,*T Ek=0 ; U G =200J ; E=200 J .A 

.A Kb .a AE=0.059 J .K .23 
x=2m .A Wf=-4 J .a AE=-4J .M .24 
p .a .nnaia nPHnuma nmix .a W mg =-784J .k .25 
x=260m (5) x=0 (4) x=216.5(3) x=216.5m(2) x=250m(l) K .26 
W=0 (4) W = 1875 J (3) W = 1875 J (2) W=2500J (1) .a 
.dnpon^aaE=AW=W -A W=7800J(5) 
x = 155 (3) x=180m (2) x=201m(l) (I) .*t 

W=1,342.34J (3) W = l,558.85 J (2) W=2,010J(1) (II) 
E=961.04J (3) E=l,296.05J (2) E=1,616J (1) (III) 

x=20cm .a bpnn >1W JiTIpA v =0.5m/sec .K .27 
Kb .n W N =0 ,*T AEk=0 .A AU o =0.98J .a W=0.98J .K .28 
Kb .n W N =0 .*t AE K =0.4J .A AU g = 0.98J -a W = 1.38J .K .29 

v=4.47 m/sec .1 

VB=3.13m/sec (2) VB=4.43m/sec (1) .K .30 
vb=3.29 m/sec (2) vb=4. 54m/sec (1) .a 
VB=3.29m/sec (2) v B =4.54m/sec (1) .A 
*T’)an .*t VA=2.4m/sec ; VB=176m/sec ;.Vc=0 .A p .a p .K .31 
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fimjxi mnn - 12 p*>9 


W=9&.5 J (3) W=86.6J (2) W = 100J (1) (I) .X .32 

AU g =19.6J (3) AU G =19.6J (2) AU G =19.6J (1) (II) 

AE k =78.9J (3) AE k =67J (2) AE K =80.4J (1) (III) 

W=98.5J (3) W=86.6J (2) W = 100J (1) (I) A 

W f =-5.13J (3) Wf=-8.39J (2) W f =-3.39J (1) (II) 

AE k =73.77J (3) AE K =60.61J (2) AE K =77.01J (1) (III) 

v=2.8m/sec(3) v=1.98m/sec(2) v=3.43m/sec(l) .X .33 

v=2.56m/sec (4) 

v=2.29m/sec(4) v=2.55m/sec(3) v=3.19m/sec(l) A 

x=0.392m A x=0.196m .X .34 

*• Xo=0.196m .XP .A x=10cm A v=0.71 m/sec .X .35 

W f =-0.0392J .A W e i=0.25J A .>19*1 H3 D71pJ3 .N .36 

x=5.37m .M v=0.46m/sec A 

v=2.16m/sec A W f =-1.5J .A W e i=-19.2J A W F =27.7J X .37 

x = 1.57m (2) x=1.96m (1) .X .38 
v=0.86m/sec (2) v = 1.15m/sec (1) A 
VE=20.2m/sec ; Vc=14.56m/sec ; vb=v d =vf=24. 58m/sec .X .39 

x=51.38m A 

U e i—^■ k• (A+Xo) 2 A U G =m-g’A .A U G =0 A mg=k-Xo .X .40 

E K =^-k-A 2 A E K =0 .1 U e i=i-k-xg .n 

x=0.2m (4) x=0.96m(3) x=0.6m (2) x=0.4m (1) .X .41 

x=0.19m (4) x=0.88m(3) x=0.49m (2) x=0.25m (1) 

x=0.87m .A x=0.87m A x=0.852m .X .42 

a=53.3° .43 

Q=AE=0 A Q=AE=45J .A a=53.93° A v=17.66m/sec .X .44 
W 4O =80J ; Wio=W mg =W N =0 (1) (I) .X .45 
W 20 =34.64J ; W mg =W N =0 (2) 

W 30 =53J ; W 2 =W mg =W N =0 ; Wi O =-20J (3) 

W60=120J ; Wio=-17.32J ; W mg =-19.6J ; W N =0 (4) 

W lo =10J ; W 2O =20J ; W mg =-19.6J ; W N =0 (5) 

• W 40 =-56.57J ; W 2O =40J ; W mg =39.2J ; W N =0 (6) 

AU G =-39.2 J (6) AU a =19.6J (5) = (4) AU G =0 (3) = (2) = (1) (II) 
AE k =33J (3) AE k =34.64J (2) AE K =80J (1 ) (III) 

AE k =22.63J (6 ) AE K =10.4J (5) AE K =83.08J (4) 

.onpono *mx f\nn owP rD9n xP n>A*iix (IV) 
Wf=-1.04J (3) W f =-7.84J (2) W f =-3.84J (1) (I) A 

W f =-11.31J (6) Wf=-3.33J (5) W r =-4.79J (4) 

.nflinvn xP iimiDfi n>Pxnuoi9n nn-oxn naoin (in) xP (II) 
AE k =31.96J (3) AEk=26.8J (2) AE K =76.16J (1) (III) 
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mPiyo nyon - 13 pna 


13 p*ia 

nyun 


N11S 13.1 

niNoivr >nv p nPoinpD mnoon *rPo pan hid d>do DDinoon nnn 
Po nnoo nnpo K’n\y ,Piyon nyonn .Piyon <])\ Po nyonP ,nnn 71110 
o0P0 iivdo mo>on nyonn mill naoo *n<OD nPmoo ,mo’nD nyon 

.finnan mo>o pinii poio >pinD y*T> om nnnn 
nmpio yiDp pmon pm Pd asoi yin 71m ni nyon a>n Piyon nyon Pd 
pn yinpn pnnoni ,niD>on t-ddo nanpi nyinpn nnipin .noipon nyinpn 

.nin>on mi anpi mn’on ono pni 71m 



.jr^un nimni au^on or-m m^un mn :13.1 ivs 

IP pa) oaaP nm> vPy niniDn Pipow 711 71010 P\u poann pmn >9 Py 
( mPiyo nyon Po nnpon .no> ipD nynp nvonon yuP *p\yoo (nsnan 
poo *p ,D”pno o>ao ’aim ,no> ipD nyon *id*td painn Po oon pPnn 

main mpoon na p’onP 

.inyon Po yin Pdd nsian o> Piym yin 711 PdP 

iod ,o>Pon mniD aPaonnoo mniD to>a mPiyo nyonP o»o*mn niniDn 
pyianni nimnon pn nnvnn nyon PPado /idi Dpoo ,nin>iio ,7mm 

.nnmonP <]UP nr nnpon o>onu 
o>oyo pnP nonn ,0010 onpo noiPoP mPiyon nyonn pnn na *T>n9i 
nmann mPiyo nyon ,nynp nvonon mPiyo nyon :no> ipD nyonD 

.ninoo nyiann mPiyo nyom ,nyinp 
nyonn na oo»9aon ,o’vnn 00010 n9oo nnnnn p*i9n na P>nm ,Pna 

.Day on 

.711 Po ioip>o maoiP nmnn plan 7Pnon nD*in oonoi 
pn oonoi (n»mn Po cos ia sin Py aPi) pyy moo Py nnmo pvno 

.non Pnn monP pnn nanpin nn>on rnrwn 
ainpp po nPyo nanpin n*r>on nn>n> pnP o>d nopm mnmn .pnnn Py 

.n9on 710D >oonon n9ton 
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oPiyo 031110 - 13 poa 



jwm m*vnoi ivup nmwa 13.2 

300 <111 03> 0010 ooot >300 0 ddo 3 ok 
pD3>nn oiopiio okoi ,( 13.2 ovs) 0i3>oo 
1O0 n>nmo pi>oo (Ri->^ 2 ) Minvn 1O0 
.030300 -pool (0i-> 0 2 ) rimm/n 


utpo hk njum pnunn oiupTi :13.2 tps 
. ip'jaunn nmjiin -pron n*n 


piKo ,nOio> oivnoo oio>non .niomon OOio 0013 p03)nn oiopno >i 3 >vn 
0 \y nopoo ,on> 3 \y ok ik pnvnn pio ok ,po3>nn 0011 ok ouvO ,> 00 o 
Oouw ,pioo kho 3 ,oio>on 0000 po 3 >nn ok 01003 ok ,n> 0 i 3 >o 031130 

.o 3 ovo lOw in>on poi ,0311300 lOnoo 3 >iop p03)nn 

,o>oo p>vo Kin <in 0 \y jin>non yn>o 
, 311*11 3)10 0301 , 01 V>O 0 03)13 J 1 Oil 

.iO\y 030300 PPtioP 
.Pi 3 )o Kin n 3 »i 3 nn OP00 uoaPv nopoo 
pivmj y?on o>>poo Pi3>oo\y 11100 
mKinon 031000 oppoo ,t?i>oop *j 3 iko 
3 ) 1*1 tOO 0031 KO nio’oon no , 13.3 *1100 

mi ‘jdi injiNn nmnnn :13.3 tps 

.pnvriy 

.jjironn nuprrt 

, 110)00 01 m > 13 ’\iP 310*111 H'p , 0 l 3 )OO 03)13310 3110)000 3 l 3 \ 3 pO IK OPOIO 
> 13 ’iyO KOODOO ,pD 3)00 111>0 ’ 13 W 'PV 035 p 0 D 30 p 0 IK nPOlOP pO H'PH 
0303 D 03 ) OODOOO ,pO ,130 ODIO .)OV 00 > 0>0 D*TpDO <11100 DOpO *J 01 K 
As O Ax > 10)00 DK < 1 > 0 n 3 .D> 11 p 03030 03 ) 1 O 0 0 l 3 »OO Oo DOpO 101 KO 

, 0 O> Ip 03 ’K oopno 00013)00 O 03 )D 31 
D 0 >n >0 pD 3)00 > 13 >O 0 ,>000 piKO ,3 pOQO 000110 D> 11 pO D 10>000 ,*TO>OlO 0 
•loi no>n>o oopo *piK >i 3 >oo ooud k>o i>oo 3 )i ,ior 

:D>3)i>oo o>iipo nio>non 

( 13 . 1 ) 





: 03)01000 o>iipo oio>oon 
(13.2) 
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jv^avo nyiin - 13 p-ifl 



13.4 TPS 


n>mn bivon tnn*n >it»n s m>pn riix 
,nxan nxiwoa (ixn*ia imoin) o 
noon <iito\y >oojion natoa nroi>on 


s = R-e 


( 13 . 3 ) 


'yv n>mn oa mijwo ,pynn 'yv twpn *pixb mmpjinn oy *rn>i mxo 
,n>mn >w»w Pv> aspn nx axnon vnn *py ami ,pnynn aiopu 

.pr mwa mum >u>v - w - a»*»w tm>no 


n’VAnn n’n’mn tm’non jik ami tinpn nn’non jmAnt> nx^o nPapro 

.nysioan n>n»mn Jinmnni 
:ji»VA*i nwm Jiia’no 


w = lim 

at-»o 


AO 

At 


( 13 . 4 ) 


_ tnymoon D’ti’mn immon 

_ _ A0 

W ~At ( 13 . 5 ) 


13.4 Jivmno xmt> p>i ,ixna x>n n>nw imw na n*t’n»ni anxo 

:n>i)>mn im>non nrtm pa nn>n>n nx 13 . 5-1 


[u] 


[0\ _ Rad 
TtT sec 


.1 rad x>n l sec-a trrpftn «jwnv ti’wnwi ft»ti>inri im>n»n 


rad 

sec 


nwmn nn>non >u>v nx axnon *rayn ,n>n>mn nn>non hirwo awxa 
rmAnl? naim nPapna imAioi ,a mxa moioan ,n'n>nm n^ixnn xm 

:3 paaa n>iipn nmxnn rmAirw 


a = 


lim 

At -» 0 


Au 

At 


( 13 . 6 ) 


:n>m nwmn ruiNnn 


_ Acj 

" At 


( 13 . 7 ) 
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jiPayo nyiwi - 13 pna 


:K>n n'n>mn nsiKnn nnnoi nn nnmm 

r l - - Rad/sec _ Rad 

a [t] sec sec 2 

nyiin ana nio’Knoi ,yoiana p voay ny uvnmo jivmnn 

.nPiyo 

nyunn ,jiP>yo nyon ao inra no wan mm omaon pan jik a>nm 

.nynp immon nPiyon 

nynp niTnoa ji>biy» nypn 13.3 
<1i> ay naiKji iPyia noKn .pin na on ann na o’ pai .niopii Km immo 
immon ann jik , immon p>n jik moo nm u»n ,«m>nD jik moo Km 
m>oo Tin ,nnan immon p>a m>oa min noioan nmnn .onoo jik ik 
jivan nn ,nyinp immon nPiyo nyon ao mpon Km ,yinp ninmon ann 
:mon nmpm jik pa mnva mon .nupn miKn pm an mnoo ninmon ao 

yiap immon Vtw nao nyon K>n nyiap immoa n>a>yo nyon 
yiap aspa mnoo immon pi>ai 

nnm> ana nap <iono Kin nnnn on>a ,nyiap ninmon aiyon in ^n noKn 
,oao aia>o oPona thko pm ,pa .aiyon <pm ay yiap Jiop yiiK pr 
moon nmyn oa nty’o nimn >no pa ami .nin>oa nin>oo mnoo o>k 

.nPiyon nyonn niKma niKiioon 


nnK aia>o o>aona *piKO pm - t - inno pt 
.nnK noon ysao *i«no o>aia>on naoo - f - ninnn 

nonnimo o'nnyn no i>n nopn mo 


rniKoxvr >no nmyn nopn jik pai 
10 <ii>n ysno JinK noon nn 1/10 sec Kin nnK aia>o ao pm ok 

.o>aia>o 


Vo 0.5 p*i <inn yyao nnK nnoa nn ,2 sec Kin nnK nin>o ao pm ok 

.aia>o 

:Kin nnnnni mtnon pr )>n nopn 



(13.8) 
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n’Piyn nyun - 13 paa 


:pp p Jiiannn fiTtw pad nn’nm .jnoda ttoi aitnon pt 

[f] = m = ^ 

irmu na mmmd 73 .(Hz) yin jmapi Nmi nPdo Od d’ l/sec nam’P 
[f ] = Hz .yin K>n jiiannn 


.1 sec 7doa anN wno ysaon 711 Pd mannn - l Hz 


avroi ,nyiap 


As = v-At 


At = T 
As = 2 -7 r-R 
2 *ir-R = v-T 


jnamoa ji’Piyo nyujia ,Ji’iipn jnamon Pan jin >aa 

.nyunn 7Pnoa 71m aaiyd Jidpn 71 in jin p*i 
:oidan adpn o”pJio nyiap jiiamoa N’n nyonnd iivao 
.oPd inN an’ti 7doa dnajion Py Pajidi 
:T Nia aid’d o’PdnP 7*iiN\y pm 
:Piyon 7pm Nin anN aid’d 7Pnoa 71m aaiyd pnaon 

:Papn a’yi 

:Papi 13.8 nNiidoa dio’d 7111 ,iNaoi 


v 


2 -7T -R 


2-TT-R-f 


(13.9) 


ji’PAyo nyima ,Ji’iipn jnamon !rm pa adpn jin jvinjio nNiwon 
.(jiianjin in) aimon ion aia’dn dina pai ,nyiap Jiia’noa 

*rnN aid’d Jiyuao noiaon ,’PAyo PiPooa nydo yam Jioiao I n noAia 
gdt’aa mo .270 km/hr N’n nyiapn nmamoi 30 sec >a::alBi ^^M 

?PiPdon gl||lif8| 

a ■'..:.a' ■ ...ra' aa ' pa a ;;,Pp . ;.p Paa a. a: ;p:p • : ;,v : .:v ..pa.-: p 

v = 270 km/hr = 75 m/sec ; T - 30 sec :dn O’JIJim :)iana 
v-T 75-30 

R = , = ^ = 358 m :13.9 nNlldOO R JIN TTIdl 

mo .npaa o’aia’d 33 Pd aspa aauido 20 cm idi’aad d’PpJi :’a noin 
70’Ppnn napa naipj Pd aia’dn niamo 

raaijido Nin n>3da in ,npaa o»aid’d 33 aauido o’Ppnn on ;liana 

:Nin Odn iinm 

:13.9 nNlldOd dOJIdl 
v = 2-7r-R-f = 2-7T-0.2-0.55 = 0.69 m/sec 


1= — = u.:o nz 
R = 20 cm = 0.2 m 
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ti»pya nyuti - 13 p-ia 


,nynp unman n>Pyo nyiinn pitviim nrimm ytw iik NinaP no 

.nyunn *pnon ^nn onpimv nnnn hn pi moa 
nia”pna nmnft nnmani ,nyinp nmnit tinman Km nyunniy p>no 
A 6 n>mn »i3>\y yn oivan ivpn o”pno ,nmp nnmoy tn^mpon niKiiwan 
A0 = wAt :u nm>nm nnmoni 

. 0 ^ *rnK nnm *jv;an v/nntion Py ^nnm 
At = T :T Kin mnm a>'?vr\'y *piKV pm 

A 0 = 2 -tt :K>n *rnK nnm *pnan <pn tnptiav n>mn 

2-it=wT .topai n>na 

r^npa ,piwn 'yv avn yW? 13.8 nKiwon vno’v *jin .pool 



2*'K -f 


(13.10) 


n’pyo nynm nmnim tinman y*m yy *wpn hk mKtio nKiwan 

.(nnnnn ik) *nmon pr pm ,nynp unman 

33 'yv nupn yaw onpn >ix Vy n*np3 'tv mmiim unman ma :nmvt 

?na\yn o’ninm 

f = 0.55 Hz :tia*npn nmm nKnaa nnmn nnnn :)ma 

:pna : 

v = 2-wf = 2-K-0.55 = 3.46 ^ 

o’Ppji .tinnnKn niKaAnn mvo *naW paw nnwn mipi!? y'y o’v;t> awn 
.(mo* <iw K*ipa no <p0 *m> myan tinipa 'yv <piK k^k prmpa ^x u>k 
,< pm 'yv anwn onoo oaw o>pn*ion nawn trnipn nnmaP naan 

.<inn >n* py nnipan 'yy'y nonwa n>n>mn nnman 


nnmani nmpn tinman yy own nvtp kisoP pa 13 . 10 - 1 13.9 niKiwao 

:nynp tinman n>Pyo nyunn nmnim 


v = 2 "K -R -f 
w = 2 - Tt *f 


v = wR 


:pna 

(13.11) 


p>onP D>Pin> unaK timpn nnmani n>n>iim tinman yy oiv/nn i\ypn p 

minion tnapoa w 

.nymp Ji>n»nm tm>nan ax nymp n»np tinman ti»Pya nyiitn .1 

ti»n»iit tinman tiiyi pan nmpin bn ,tinaya nyiinn yin -rms ')Ui .2 

,«iun 'yv nin>on o*iaa o>pn*innw bnn n>npn tinmani ,nnt 
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jvPavd nynn - 13 pno 


p*mi ino P3K .va*i P33 nnipn nwnon P*mi ino jih iak^d 

?nyiKnn 

nnKto ,PAyn3 yin f)iA P\y nnniKn Py Kpm Ppnw ,it dPkw Py noyP >73 
:nyop <inn Piy jvovpn nuiiNn oa yop Kin <inn Piy nrvnon P*m\y 

E k = i*m -v 2 = constant (nP3 nrvnon P*riA3 nPnn *pv Kin v 2 ) 

AE k = o :t?9KP mi>y <)iAn Pva n>A33Kn >iv\y ,nnnK o>P»o3 ik 

non n» Py n*roy twyi kpv p>wip inn ,nyop K»n <iiAn pw nnnjKn dk 
>ivy;P niw Pipvn non n> Py n>vyin n*myn\y 11100 uko ,Pip\yn 

:(12.5 nKiiwo) <inn P\y nonpn n»A33Kn 

AE k = W EF 

AE k = 0 => W ZF = 0 

nnwn nyiKn nvnP ro”ti >PAyo PiPt?»3 yin <iia PdPy; plan n»vK*n ivkp 
Pyon ninon Pipw o’ynv nniK ,iioi>3 Py; own pinn >9 Py .ikpqi ,V9KO 
SF = m-a :t? 9 KD DAW 1>Py 

a / 0 =» sf 0 

nino Pipv <inn Py Pyo\y wnpin *tnK *rao o ,no>ioo nn>nt)P uyAnw dkpa 
m*my yy3Q ia>k ninon Pipw unpin >A\y *tym ,t?9Ko mwn 
W EF = SF-cos(a) -x :^ipiyn non Py; n*royn nnom Kin inn9n 

nn ,cos(a)=o dk K>n w ef =0 P3pA nn n*t>n>n -p*rn x^o -i SF^o dk 

.a = 90° py/kp wnma 

liioi non ino io n>mnw >Kini pn nnoy yy3> kP o9kq daw no 
yAi P33 tiikd nvnP 3»n non u»n ,90° koi (PiPodP pnyon) nioipnnn 

.niDtpnnn pioP 

,non inov n*o ,ov*nn ino Kin PiPooP p’Y/oP ^AiKon inoni *mKo 
oy PAyon ono nK -onan ipn py Kin ,o*iia kidy/ nsiNnn ino oa iivki 

,>pK>m ino K3pA nt ino .PAyan n9Y/ 

Py Ponoi .PAyon *pnP n»'A9 ik PAynno nyinn :nvow 9 K >nis/ p*i nnw 
IWKin yA*o .(Knn tiDyi 13.5 mo) ooiqo ooat >ayo <pAn nn»no 
nymn 11103 n>n (nn’nQn ’ii’vi nyiKnn wki) non ok .vi K>n nwnon 
v 2 nn’non 1110 o tayon oidd pnino <iiad n>n ( 013.5 *110) PAyon 10 
oo’on tono 11103 Kin nyiKnn piov nnvoKn pn mKiyjiy *73 ,nyinn n’n 

.(’K13.5 310) 
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tiyun - 13 p *is 




in rmrrn irti ( n nrmia**) "num epjo inm *nn rmKJin lira :13.5 tps 

.('i imoiGN) 'Hiinn 

tarm pma Kin nsiKnn pin nyiap nwnoa «>Pav» nyuna 

213 >t 7 n 


v> ain>on tano ’aPa wuaon n^iKnP 

.nPwa taw 

vm»9) n>Pt><>n©3s nsiKn nKipi Km 
(nanon hk nv 9 no” Kin nP>on 

. a R -a moiooi 
ji>Pk>ti nsiKJi oa iiKipa K>n onayoP) 
(.>PK>mn pvan K*ipi t>v*nn pva >3 



K’n ir^uanajun nsiNiin :13.6 tps 
.ni'on win lira -rnn 


nmpn nnmon Pv prm 10 a ,vinp Kin n’Poononn nsiKnriPv hVm 

.nimmn nnmoni 

ntiain Km <pAn P\y "Jinmnni ji>Pt>9no3i»n nuiKJin pa mupn imam 
:nnainn niKHira p*i )Ka panto .paon <poa niiton nKaio Kmi .nPmioo 


a R = 


2 "it-v 


:Kin n>npn nnmoni n>Po£>ntoun nuiKnn pa nwpn 


2 •TT -R 

•yPnoav 10 a >a v = —^— :omnni nnmon pa on’P non nKninn) 

i>iwo nsiKnn naainoo ,om*iP a»at»o nnmon naainoo aPv aiam 

(nnmoP 


:Papi 13.9 nKiwoa vojiva ok 

2 


_ 2*tt*v _ 2 -tt / 2 -tt*R\ _ /2*tt'R\ 2 1 _ v 2 
3 r - T T 1 T j ( T IR ‘ R 

:n>n>mn nnmon dk da n’Poanonn nsiKnP *i\ypi ,13.10 nKiivo nntyai 


a R = = w 2 -R 


(13.12) 
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mbayn nyiui - 13 paa 


bv> nKSMi K>n mboanoiyn nsiKimw o>im> iiniK poi’i b\y >wn pinn p 

bip\yn man bv mva . SF R -n pitni ’bomaois nia Kapw bipvy no nbyan 

.raaon >9ba ii»n ,Ji>bo 9 >av 5 iyn nsiKim pvaa Kin 

:nKan naipin jik amb awn 
.taaon >aba mnian bipv KbK i»yya nia u>k >b©a>noian man 

(it? nnv mnian bip\y KbK ,ma ii>k m-a bannvy 10 a) 


:K>n ’bomaoisn man dkiwd 



(13.13) 


nyiuia yin <pa by byran bipvn man pa a\ypn jik jiaKJion ,n mown 

, sf = m-a nKiwnn jik nmbnn ,mmiii-ni mnpn unamn pai Ji’bayo 

,avy> ipa nyuna na iwnjwnw 


o’pasnn ub onainn mnian on ’bomaoiyn man jik o>nnon mnian 
ni9io onbv bipvm nyiap Jiiamna ji’bayn nynn b\y napoa pa .o>mipn 
.aiawn pi>ab pwn pi>aa niamn v> <pab aiya ,aia>on i-aan >9ba 
b\y miiapyn by *nnyi >bi?9>aojyn maa vwwb jiikoavt aoon mnw nab 

:13.13 nKiwna vnnwn 


nyiap nn>noa ipbayo nyujn o’bnnn )vwa jumpy 

©ma jik Nvnb v> .aiawn raan pi»a jiki aiawn tnna jm mnrb v> .1 

,nbK©a ooimn o»aayn jmya aiawn 
bayoa yin <pAn by o>byian mnian ba bw mma owaji *payb ©> .2 

anK a>s aia>on taao pi>a >a by ,o>a>s >wb mnian jik paab ©> .3 

a>si ,Ji>boa>aois nsiKji v> ia (>bK>rm pi>an) aia>t?n raan pi»aa 

.bba nsiKj) pK ia ,ib fiiKO >iw 

ok) o’HJiin >a by ,>b©a>aoisn man b© maisn >jw» JinK amab ©> A 
niiJii ik airnon pt pjii oki mv 2 /R jw amab ma>n»n niuu 

(mw 2 R-a amab manjin 

7 a ,aia>on raao >aba a>on aaaio >bK>aan a>sa >ai>nn pvan .5 
jik one mnaai taaon >aba mnian ba jik aam mnian bip© aw»nav 

raaono nsmn mnian ba 

n>yoaiai»K o>myb b>a» aia>ob awp u>k© Y-n a>s uv aiarb v> .6 

.nbKvn pajiab Ji>n>n 

manvi mbayn nynnb o>oaian onnina mnia pK© aiarb v> .7 

.jnnian bip© KbK ma u>k »boa>aoisn 
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rnpyo nyun - 13 pis 



PPooo roainoo l kg nnoov npon : h n»>n 
iy .niov 2 ii in>o Pv oypo >Pyo 
H'nvi ,*jwn non >paiK piiv 
.0.5 m ow oin mm mivp 
?nponn py miyion ninii ono .x 
Town nimnonn >no .2 


13.7 IT'S 


nponn iy o»iyi9n nmion o>vnn nx n»u3 
Py nmio nponnv pi’io 
Pp von Y o>t»yio , novo 
>9to »Po*mn mam ,noo 
-"v xin t’n>n >paixn nnn .nPyo 
nx poj) omn Pv nnnion nii 
|||wjW| xi >*Ti M a nrn pisa nimnon 
.(T nnnon pr oy Pi^iJin!? 


13.8 tps 


>d ,jnrit>n jik pnaP 1*1131 { fi ift mmnon jixom ovP 
>Po*ii3n mini Ppvoni >Px>mn ymii x>n oino mmnon 

.>Pxmn iioiP pixon )iim 
oP na»oio n3»K K»h >3 Y non niniin iiHiivoa vonv3 xP 

.oiPi yni 


:x>n ,iii>on tone in»i m xmv ,X im turnon tmiivo 

SFr = m-w 2 -R > M = m-w 2 -R 

Wm >Po9»*io3sn min Pv n> 3 vn tmv9Xn nx iinna) 

(mtnon pt iv Kin pmnv 


mtnon pt mtyi tnpvn man nx xoai 


on omsoon ootmn 


x>n ©wa tiimnon ,ixaoi 
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ji>pyo nyuj> - 13 pia 


L 


L miNv dim iwp pp ins k *a no»w 

oinn *ivn 3 ,paiN Pyoa aiuiooi 

>t> *jui ,*tjn> ip nyup n>nn nsoj 
onn 'yv mis oinn mn> PPtp 

jpdioo Nipj nt pno pPi (tmp) 

.Ji>3ip 

jpoioon 'jv *mr»on pt> >io>3n mo 

?ji>3ipn 


13.9 IT'S 


:d>3iji3n p in>on oim jin NSQ3 rpuia 

P = sin(y>) —> R = L-sinOp) 


livo >3 M Jiirviion jin i3pi>3) Nin imn ^ mnnn own 

:(»p2iNn iiv3n Nin dia>on mn 


M-cos(^>). 


sf Y =o 

M-cosGp) - mg =■ 0 
M -cos(/>) = mg 



•M-sin(p) 


13.10 tpx 


rnslNft 1’N Y 1>*3 


sf R = m«w 2 ’R 
M-sin(ip) = m-u^-R 


:PN>i*in pm Nin X *v>s 


:3i3>t?n t>in*P utopv nonn jin 3’xj 
M-sin(y>) - m-w 2 -L-sin(^) 

:13.10 DNiwoa vmwJisinOp) jin oyouj 


/ 2* , JtA- 

= m :br) 


:Y~n -»>y *>v >iom ,u!?3>pv ’w>dn p M jin 3>hj 

mg_ (2-n\ 2 , 

cos Op) m 'l T ) ' L 

7-m3i {Pv.ittnonpr jin njvo R'y iron non) m jin osoP 
:ji>3ipn iPoioon 'jv urnon pr niw ,T jin 


T = 2-tt- 










yo nyim - 13 p*ia 



nyi K>n WK3 300 m winnv >Piyo ^©03 jmuioo jiodo 

.40 m/sec yw nyiap nn’noo 


aawony noiaoV own nmm rmn 
.W3H) oo>osn pa *ri:>>nn nia Kin 
mo jm nyi k> noiaoni *inKo 
in>3n) .woo nmnn ik Viyon 
7is>n Kin nr yum imin (>!mmn 

•>ooo 


^id> >ooon iD’nn nra ,»oo© iiD’n o*rpo y& *py ,ioo 

. ns- N P nnwn oio>o3o! 7 *ty jionvnt? 
n>33 ,wmn >^o>3>on *p:>>nn mpo jik o>wano umkv iivdo 
piD>n o*rpo fcn ,>!?o»odo Kin >ooon *iio>nn mo it immoaw 
'ro >yo»toon *j*iyy it nmmoi noison yon k! 7 ,nm> ym 

. ,*riynn 


K>n poio 'iv own pinn 


>d mm3 owP ’Poanoiun nion W miwKm mm limn) 
(n>n>mn mi’non kPi n»npn nnmon ny’ain ooinm 


max 


Y non mnnn o>wnno N hk kuoi 


topn now 


[is jik *r*m3i (niwo Kt> nonon noo) m jik ohosi 


v = 40 m/sec ; R = 300 m 


on d»T90on ooimn 
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: ’i no»n 



















































































































































































































































ji»Pyo nyuA - 13 paa 



ora»nn norcmpyo v>aa ’a* Py R oinaa ann? nyaao noiao 

,»oo9n nop on>a naAio 
ow> aia’n ^73 >pm n>n> n1?w na nnaAnn n>w nvna nan:* no 

ilillli?v nmioa aia>o 


PflWSif 


,o>ov on noiaon Py oPyian mman 
mam noo ’aba t>yian mg *?pvm 
.wna^ piNoa ayian N Poaun 


N •cos(a) 


man im ,p> ,paa3i ,’paiNn pirn a>a>on mo pm m nno 

.m>aap Poaon 

SFv = o :nyon px y an pma 

N -cos(a) - mg = 0 
(1) N-cos(a) = mg 


aian?n mo po .Pxnan pmn Kin X an pm 


(2) N -sin(a) = m 


man t>\y anam anno .Poanon n» nw> *ria>na ‘yaw pH 

.aia>on mo pma ma aim Poaun 
:N-i m iosdos’v na na n (2)-i (l) mxiwon >m dn pirni 

(2) si n (a) = v 2 

(1) cos(a) R-g 


l 6 VtA/ 'R-g 

nynna v aia’on im>no pai a nnaAnn ii'iit y>a avp nxao 

.R PPoow naAio PPt?oa nPAyo 
,009 >a*> ,*pa>n ma i»aa n ma’noo nbmn ma»no Vaa 
.toyon p n:*inn pnnn Nt> noiaonw >aa ,nnaAnP <pua 
<ytma ,^in >atn ,-pa>n ma *y>as it nmnoo mopn nn>no t>aa 
.Pyon moPt noo9 pPnn xt> noiaonv na , nnaAnn 
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*♦*>»» nyiin - 13 p*>a 


loioai nnno jvpPv 'm PiPWP iwm 100 kg rawow iwnp : *r» roam 
*ry 2 m/sec Pv nmnp nnmop nytni nonpn .oPw ’P*yo pPn 
.5 m/sec Pw nyipp nvnnoP nnnmo n-i’p>o twoi X mipiP 
E ,D ,C ,B,A Jivnpip nonpn py nP>oon numP ip mpn mo 



wmm 


mipip .N >Popon fiton Nih jioippn Py nP>t>on nijmP n mpn rpma 

:(’K13.14 pi> 3) Kin nim:>n onsnn A 


4 N 

:Pppi ,Y pm nuwn \>hv pill 

t 

SF V = 0 

t. tv 

N a - mg = 0 

O O 

i 

N a = mg = 100-9.8 = 980 N Igsflf 

▼ mg 


N13.14 n’S 

.nm mnipn own B,C,D nmpip 


:mg Ppwon pn> Kin :m>t?n mo p>p B rmpn 
Sf’R = mg - Nb = m-^ 

N b = mg - m- V R 2 = 100-9.8 - 100- y = 580 N 

:N >Po*nm nipn p>p Kin pip’tm mo iivp c n*np» 

-*• . ■ ■ 

SFr = N c - mg = m - r 

N c = mg + m- V R 2 = 100-9.8 + 100- y = 1380 N 

:C mipin yo olw nP>yn nnmoi tnmn D n*npn 

2 ^2 ■ 

N D = mg + my = 100-9.8 + 100- y = 2230 N 
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fl’^AVO nyilfl - 13 


Ifr.'f 


I 


N- 


I 

mg 


'113.14 IT’S 


:(’ 313.14 *n>3) Kin E ntipia mrmn o>«nn 
lllllgriyo >933 nonpn hk *pyion man 
11JII11 viion ni 3 Kin mg 3 pvnn jik 30301 % 

,Fi 

o*i» tii >3 Kin iiniK i>»>on iii> 3 n 
man pirn Kin m mpmv , 3 i 3 ’t>n 

.»^o*mn 

^f r = Ne = m-^ 


5 2 


N e = 100-y = 1250 N 


:(’H3.14 nvs) Kin F n*npi3 nmi 3 n omnn 
o o gp 00910 »Po*nm man on i>poon oi 
I-—I :3i3>on *3no3 

IIP*® 



J N 

\ sPr = mg - 

*S : : 

| mg 

N f = m- R 

■k: ,:.v-.. 

'313.14 TPS 

N f = 100 •[ 


:iggp 


- mg ifg 
5 2 


{52 \ 

2 -9.8] = 270 N 



N13.15 TPS 


Fffp'-' 

II! 

■ Ml 


N 


N-sinOO 0 )-*^ 


W| N *cos(30°) 


WMSm, 


mg 


3>30 33 inoon tntm *iu>m pm nnn1fi|» nom 
mo’oni niom >3 n>mn .»3 ik vs 
20cm ksoi mnn .30° K>n >p 9 iKn fPllli 
. 313 ’ 0 n VSO 
V 3 >Po» 03 on moon *ri3>nn o*rpo 
.0.2 Kin oiom mnn 
poo ni’n’inn nvnmon oinn mo 
*iko’ mnm oion ok 33 io3 po 

? 101 p 03 


0 ’t»vi 9 n mnnn nK to o*np oonwi 
o’Pyi 9 .*fi 3 >nn ni 3 P 039 ,mnn Oy 
.> 3 o*mn mom Ppoon :nini 3 00 
tono pi >3 >3 pPonm ni 3 n ok pnoi 
•>p 9 iKn pi» 3 n Kin 3 i 3 >on 


? '113.15 IT’S 

nyunb p> 90 on nt 3 >^m9nois ni 3 *isv >bo*nin nmn Pv 3 ’ 3 m 
.(w 0 -3 nniK poi) nnK nm’iit im»no 3 
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nPAyo nyun - 13 psa 


mnnn pins Syi9 *ps>n did ,snv mop n>nmtn nmnon sons 
mn nS on ,msnN oP’os) no9>sojnn non mopnS mm 
ns Yin ,sis>on tsso Sn ,noo nSs pnno nsnn n>n ,Ti3 ,r > 

.(n’^Ayon nywnn 

,wq nisnnn ys snn nPm n>n»iitn ms>non ions ,nNt noiyy 
Posnoisn man ninAny mm no>39 pirn Syi9 -ps’nn no 
nib pPno tnnn mn ,*iis»n n>n nS on ,nnnN oPnss) 
nyunn ns Tin ,sis’on tsso pins inn inns ,nt>yo 

.ttibAsrart 

nn»n is piny *ji9n inns Nin ,sso tns *ris»nn nis pin 

.*ps’n o»»p n>n nS on ,nyun nonnno 
ni»n»no3 nsmn pins yj mnn yno >s>o>nioi’n sson) 
nyuns o'mio nmiss pnn mAOos ,*t>» pm ninisA ni>n>iit 

.(nPAyo 

:Nin ninisn o>osn ,w 0 o nsusi n»n>mn nismon sons 
N N*cos(30°) 

f *sin(30°) f 

f•cos(30°) 




N-sin (30°) 




'313.15 tts 






.sis’on tsso pin >9 Sy ,onns 3 -psmn ms nN psi§ 

liPfS’l :nsiNn is pN pSi PNnsn pins *pino y sn 

N-cos(30°) + f*sin(30°) - mg = 0 

lis'nn nN sno nPomon mnnitn nis>non nN niskP ns 
.Posnoisn msn mopnS oisaS Sis»n nmoson 
: |pno» osias N nN Nmn f = ju s - N sm 
(1) N*[cos(30°) + //s’Sin(30°) l - mg 


« 


Sfc = m-w 2 -R 


:PNnsn pins Nin X sn 


N -sin(30°) - f*cos(30°) = m-w,, 


(2) N*lsin(30°) - /zs’Cos(30°)p= m-w m j n 


:Ssp 3 oniioos fiNiti® npiyno 


( 2 ) 

( 1 ) 


s in(3 0° ) - ^s - cos( 30°) _ u m m 1 
cos(30°) + /xs*sin(30°) ... g 
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ooiya nywi - 13 pna 



ff HWioi^p 8 gaffPPP 

R cos(30°) + ^s - sin(30°) 


/ 9.8 sin(30°) -0.2-cos(30°) Rad 

V 0.2 cos(30°) + 0.2'Sin(30°) ' ■ sec 

kin oinon o>yoo ,w 0 -o nnm nwwn ovonon y&m 


f-cos(30°) + N-sin(30°) 


oo’on pio >a ,ooo*i7 TO’nn no ok pnoi 
S?y = 0 msiKO o ]>k pin OK>*nn pio7 *piKO Y no 

N-cos(30°) - f-sin(30°) - mg = 0 

*TO>nn UK 301 oOowDon o>o>mn oivnon ok koop no 
.’Poanoisn non olmnP ovuP Pom Oo’toon 
: no wo tnio N ok koui f .= ^-N 301 

(1) N-fcos(30°) - n s -sin(30°)] - mg 

S? R - m-w 2 -R :>PK>Tin 11103 Kin X OO 

N -sin(30°) + f -cos 

(2) N'[sin(30°) + // s *cos(30°)] = m-Wmax’R 

:P3pi nKiwcD nKiwo opiPno 

(2) . . sin(30°) + /zs-cos(30°) uwR 

HI cos(30°) - ]us-sin(30°) g 


r max 


g sin(30°) + fi$ - cos(3 0°) jj 
R cos(30°) - // S ’sin(30°) M 

gffs -Q : 

9.8 sin(30°) + 0.2-cos(30°) 
0.2 cos(30°) - 0.2-sin(30°) 


:Kin oion ok 3310P 100 p 3 oirnnnn ovnmon oino 
4.07 Rad/sec < w < 6.56 Rad/sec 

(w 0 = x/g* tg(30°)/R = v'9.8-tg(30°)/0.2 =5.32 Rad/sec 
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«>3av» nynn - 13 pia 


* mbiya nyum o*bvtb aims 13.4 

k 3 nano ronyn *tuio ny9in 3y oPanon *ivk 3 onan o>ono mnn 

.naiKna iiKanin nano nanyo o»n ,m3K>a-ti>K 
*Tir»D n*rno 3a ,m3o9noia naiKna yi n>3Ayn nyona yin <pA 3aw iiinn 
onan o>ni*rn mm3 no .o»ono mm3 ji*tho 3 omn immoon m*iynn 
*ikhi ,o>3inip nm >3AiDnoian man om naainon naayn “pno m3anonn 

.onn *rnN 33 nronm3 na>on jik >ma>K piKa 

>3Aiflvit>Mn man 13.4.1 

nmi)33 Kaoi m mono .inmi ma3 anon yin >3Ayo nowo 3y 3anoi 
.om mtya aia’on oao3 aainni >3Ayon nown3 onn 

jik nKia ( ’K13.16 m>a) mraynn 3w m3K>aai>Kn nanyna Kanin n 9 ia 
\y> <iia3w *pa nnn Kino no jik vmo Kin .v Jinmna 3Ayoa nyi na>nn 
.(M) oma mmnnn >3> 3y maun v 2 /R m 3 o 9 noia nawn 

<inn jik nKi*i ,(’ai3.i6 *n>a) aamoon nowan 3y Kanin nma ,inniy3 
liwKnn pmn oy npy mm3 na .oma hki*i Kinw ninmon m*io3 nnnoa 
Kin ,oqk 3 nnw i>3y mman 3ipw jk nnnoa <iia okw noiKn .poin 
mrnjinn jik im>\y na ,^m >933 m-v 2 /R 3w 3tua nono nia K>ann 
Kaoin n9ia3 *tko ”>ji>ok” nK*ni ,>3Ai9noia no K*ipi nono nia .oina 
onn nnnoa tioy3 nan Kin ok ,maya nt n9ia .naamoon jmyna 
>aa (*p3>n mvya) n9ann n> 3y nia ma>3 a»n .Jiaanioon mnyn3 
3w oaon rmpino pioa) nainn uiik ^wion no non nnn 3y aaAnn3 
.(Ji’3o9noia naiKJi3 i3 oi*n>w nn ma>3 *jna Kin ,naayon mayo 



rmwnn riKsiro aimon qu nmi ji’Hrau’R imimti n :i3.i6 ivs 

.mm mrrjmn ’t* ‘jh nmajn ir'jua'nujx 
nn-rnn jin iiNon "■'ma'nujs ttid Tun 'ju ^ma jt^n^ttn n*? Din' 1 ninunn .1 

.mm 
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n>PA 3 )o 031113 - 13 pia 


om> 3333)0 Po 0300 rnipjo po kid o’oiion ninm oio’ono omP awn 
030333 'i'lKn am!) 3’3oo 3313000 v 11 ^ ^ Ponoi ok .o’Pk’soi’k kP 
niD ’3 yiKD 0113 ’33 PK P913 13’K 1’llPO” 09000 ’00 ,(13.17 31’2) 3’PA3)0 
•1131 kP 0900 kid ”’PAi9’oo3^n man 03 ) Poino -{oko am Po no’oon 
oP3)33) 3 ’Pk’3»03’k oin> 3303)0 K’no '{oko *m3 Po oin’o 330310 33’noo 
P 913 p 1 ’iiPn ,(io’iiP 3’3oo oiinoo ios3> pKn 31130 01313100 3033 
Po no’oon m 3 Kin - 0 P 3 ) P3090 invo ni 3 n n> P 3 ) nosun v 2 /R nuiKJi3 
.ooo’mo 09000 UK noiPi 3ionP P 13 ’ 1 ’iPn *p33 091 * p3 .^oko 3113 


Pi P 2 



non ir*?au?3 ninam ujh VMft : 13.17 tps 
K*2 Nin DK VJ3 *2H )mn *?=) *2D1J P“INn nilJ*? 
tup apa piunn rv»n d^d n a‘?j p^wn rpn 
•jaij inn uisiHn Taai .p 2 mipj*! Pi nmpan 
.p 2 ’-‘3 mam mnpjn '•jiqj pi h nna 


OOA113 .30’ 1p3 3)133 T’OOO Kin ,°|1> 33) 013 P309 KP 13 ,*11900 O0pO3 
3>3n .p’pPnn .oai9’oo 32 o’ooo Po 10003 oomoon p’pPn P3» P3303 
Kin 33310000 ji333)oP on’3 . 30 ’ ip3 ni33»on 3303»oP n’on> 3>i3’ ,PA3)03 

.'{in ’ 9 P 3 3)3 


'•irnKn 'aVaonn —■►: 
n v aws"ia- | Nn innum 



uj naiantaasi Dtoinn p^an : 13.18 -ir»s 
Trran iP'amsTPN.n lo-mirt dipi iim lpi 
.niimmn mnurfa on 1 ! ns inn 


O’Pl’Olp 013 13.4.2 

Oin’ 31333)03 poi’3 ’pin 01’p 0O9KP ’13 Kin OA ,D”p ’30 nano ni3 
Kim ,33310000 3303>oP on’3 3)3n <pA P 3 ) P3)i9 nr nono ni3 .3331000 
.(33310000 3303>oP on>3) op piK03 Kin 131031 3)3n <pAn nio>no3 nPn 
0 > 1013 >n 0’03K >30 P3) P3H03 <)013 00130 0133 “f313*n UK O’AinP ’13 
313’on 0003 KU03 inKO OIKO . 313313000 3333)00 Po OI’IOO *J31KP 
nooon 390 P 3i3p K 303 n oon oiko Po i3ii’3P 3i3>o> 3113 30101 
01’S) OIKO 3K 090901 01’30 OOIO 31130 3K 1K3’ O’OIKO ’30 .3313000 

.(K30 1103)3 13.19 

3K 3t3>0 30KP 30’ 1p3 3>3 31130 .0109 33000 3’PK’333’KO OIO’O 3333)03 
3»3 01-0 111’30 ’300 OIKO 3K 090’9 K10 ,ni3 DIO 1>P3> P3>9 KP ’3 ,p31V0 

■ lOtO 131K3 

P3) P3)190 PPA3 Q1p3) PlPOO K10 31130 PlPOO 33313000 OIO’O 3333)03 
30’100 O’OO 03) OK30 pOV’OP 3”0 31130 ,0»Pl’31p 013 K3p30 013 31130 

.’300 OIKO PK pl’13 3)’A’0 ’13 ,0’OOP ’1A30 ]11’3P 
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n’Piyn nuun - 13 pna 





tj ('D jniiman our nannrn tsuh nnnri nn Kin o v JiTijj nu :13.19 nrs 
.unn nuiD Pinsai iur ipa in: 1 ? rrn -itonuj ma ipud -raonP 


v nwnoa pion man Pw nmnn nuioo ta>Pi>mp nn Pw mu jik ksoi 

.R loimw mow , no won nap Pk anon oido 
R = v-t :”0”n’ON” ninn vPy o’Pyi 9 kPw 11100 .nynp mmnoa in -man 
.n'nwn nnimnoP oKnna ,nnan raw Pi> mipin nonpnn lorn mwa 

:N’n nmpin nonpnow nwpn -piK 


s = 0-R = wt -R 


s = wv -t 2 


:Papn r-p noon jik ana 


s = i -a c -t 2 :a c ta’Pinip mikji PPia mao nnanw pnnon Kin s pnnon 


a c = 2 *wv :Papii o>no>an ow jik nnwa 

F c = m-a c = 2 -m-wv :Kin o>Pinip nn pPl 

.v jiimnon jiioP *piKoa Kin mao ,01101 
in <iu n nnpo PaP n>PPn K»n Ppk oiwai >0*19 nnpoP mwm nKUinn 

.OKnnn iiioa pa kPi anon nnp *piKoa 


Pi> nan ny 9 wn w> .ta’Pvmp mai Omnonn man ,o>onon ninian nwP 
namin Kin yiKn nrraw own ,>pKn nnaP onn nyona nmwpn niV9in 

.nno ano mainoon oin» 
nua ano jik inwna nnpp on»n ,pio ik nmn n<x onv nwKa ,PwoP 
.ta’Pinip nn Pw ini> 9 wn dk o”n ,U 9 n <iiyo 100 'pKn 
onw nmm 0110 Py anvoa ,nan ni> 9 wn nPK mnnP w> nniKn xm Py m 

.pKn nnaP tann nniK Pw nyoji oaya 
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n>PAyo nyun - 13 paa 


jvp>\y» twinu 13.5 

.nyiap niamoa ji>PAyon nyunn nn>n na wpoyv niWKan n’PAyon nyunn 
mPoanois nsiKti ,jiia>noP i:wo in>aa nswn <inn py nPya nr napoa 
.nPau kPP ,aaPa niamon p>a >iwP noaAw ,(n»PKna) 
oa <)nn Py P>y9nP \y> .nnvaP <poa ,nia>n»n Pan jin oa jiuvP o>sia ok 
n>p>v» nsiKfl iiKapi ir nsiKii .niamon pvaP P>apo pirn nswn 


. a T -a moiooi 


tnisiKim mw i>a o’Paann dk v>a*ti 
noaiAi ma>n»n iii>aP naiiKon nsiKii - a R - (n’PKna) n>Poa>nt>is nsiKii 

.taba immon iiva >M»vP 
Pan >iwP imam ma>n»n pi>aP np’apon nsiKn - a T - n>p»v» nsiKn 

.aaPa mamon 



rajwn n’p’UJtm nxiHiin :13.20 tps 
.ipPu'rmusn nxiNii'? 


niavinP DD31KD nnKn nsiKJinv iivao 
>jiv i>a nnirn ,np nP>apo n>3wni 
.pm Pa 90° K>n nisiKun 
PPAa) a>on Kin a nPipvn nsiKtm PaiA 
:(nisiKnn i>a nav>n nnim 


a = Va R + a T 

yA*i Pan mnvo nPipvn nsiKiin pi>a 

t , x a R :Kim 

tg(^) = ~ 
a? 


.p>voP t?n>a naaoi nnirn avma 
nmnirn nsiKJiP mwp ,n>iipn nmion >iwP noann ,n’p>von nsiKiin 
o»n ,tinipn mamon nPaAnv iivao ,n>n>nm niamnn nwP naann ,a 
>iw asp UK oa nPmo ,pAyon nvp tpikP moapnnn nw asp nP*rAn 

.^un Pw n>iim 

v = u'R :Kin Ji>ji>nm jna>n»ni miipn itiamon yy avpn 

:Kin Jiiysioon nisiKnn yy a\ypn ,iKao 


- _ Av A(wR) _ Aw 
a-r "At At “ At ’ 


oeR 


:ni>yAan msiKtin yy oa o»p nr avp 


ar = ocR 


(13.14) 


nsiKiin avma .n’PAyon nyunn mis hk ynipn Kin n>p>vnn nsiKnn P*tia 
n>PAyn nynn Pv onipn napoP onnn nniK ,oqkP pm Pa nnv n»p>von 
nywn o>Papo uniK nyiap Ji>p>vnn nsiKiin arma .nyiap niamoa 
ji>p>von nsiKnn avKa ,>\t»Pvn napoai pAyon twp *yaiKP nyiap nsiKna 
twp -yaiKP ninwa nsiKtia nyun o>Papo nniK .naipiP naipio mtwo 

.aaaja napo Paa way )m .PAyon 
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ji»b»vo nyufl - 13 pis 


nyiap ivp’iyo nswna lvbiyo nyiMi 13.6 
nsiNn <pi!7 v» ,n>t7iyo nyura yin t>y ,pnya pirn ynp no Pyi9 -wnd 

.yap nmpn iim>n» ntmnP nomn n’p>vo 
ipn nsiNiiP 3 p*m wnao niNiwoP mnr nyap nyiNia nyunn niNiwo 
:s iwpn tun <)>Pno x pnynn oipo unw Nin t>n>n Tnnn “WN9 ,*w> 
v = vo + aft 

s = so + vo*t + i-a T -t 2 

v 2 = v 0 2 + 2-af(s - s 0 ) 

yo nN^iia nwiiwi rm>n»3 Pnv >im an >u>vn Py m Nation!? pi>i 
.nvupn juniwop i>oii>n7 niPapo niNiivon .nyapn n'r'inn nuiNnn 

:ar-» a ; v -> w ; s -» 6 :on l’9l!7>nn 

(13.16) 

(13.17) 

(13.18) 




2 m/sec 2 'jv nyap nyiNin nmron nyi 300kg nnoov h>jod :nn»n 
.100 m ioihw >t»yo PitJOOP nyi N>n *iwnp 
T tnPoon tiin 7 n>n>mn nyiNnn >no .n 
? 10 sec “idhP n’nnnn nn’nnn >nn a 
?joiaon miyw n>mn >no .x 
?10 sec *idn^ *jamn ma mo t 


v 0 = 0 ; R = 100 m 
- - 0.02 


: ° n 

g| l»!llMigil^Ml r ■: - j 

13.15 riNiwo >9>y N 


13.16 DN 1 WO >9 t>y .3 


= w 0 + a-t = 0 + 0.02-10 = 0.2 


(mnN i»a n 7 a 0 o =o iroj) 13.17 nNiwa *9 7y x 


0.02-10 2 = 1 Rad 


:nOo9noan nyiNJi7 o*mn Nin 7i3»nn na t 
f = m-w 2 -R = 300-0.2 2 -100 = 1200N 
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n’pAya nyun - 13 tho 


niiwo o jvbayo nywi) 13.7 

nmxjo n’PAyan nynnn am n’PAya nynn Pw *im>3 imwnn wiwn jinx 
vaiwnP v> .nynp n3’x nmxn ivkd ,’PP:j pixi .ninv/a n’p’wo 
»i3’v nx xisaP ns ’Pa’t7’o’3’a3’x pawn nppnn nnm np’DOflOi 
ir ,n3iwa nsixna nyen Pvy mnm nnm P 903 upon .pnynni unman 
pp Pna .n’PAyan nyum yin <pAn Py (mg) *nnn nn nPiy9 ipy nanAin 
.n*Tip3i n*np3 Pm unman nx xisbP na n’Anixn \yia>\y pinn vanvnP 

R novrw npPn jiojn nP’oa 71 m PAPAiian *ina py ppntw 
aioo iP\y pnynnv e n>mn n> Py ,pn 3 vam min dip>a nx p’ 9 X 3 

.mxn *i»yn oy isv pn’on 



13.21 TPS 


Pyaian ’Pa-iun man on mnnn ,<pAn py d’pyuin mnnn o’vnn nx *i»y 3 
nx p*i93 .noa >sPd .Ppvani (’Px’mn pirn) n’Px pixad nP’oan n> Py 
*rnx man xmv ’Pxnnn prop 133 nisia ’Penan nnniy piaa Ppvan 

.ji’PAya nyara ninn pn»9P on>3n 

-J; 

SF R = m-g- :xm’Px’mn pi»M nmnn nxiwe 

y2 

N - mg-cos(0) = m*g- 
v 2 

a R = . :*T»an xm n’Po9’-io3sn nmxnn *i\yxn 

sf T = m-a T :xm p’wan piaa mnnn nxnwa 

mg-sin(0) = m*ax 

:poa 


a T = g-sin(0) 


(13.19) 






iiPAyn nyun - 13 pia 


ji’iinn rt 7 ’oon yiiK^ nmpi *13001 
.0103 no’i Min ji’p’oon nnMnP no’in 
liyon pi>D *taa >nmn inon jik inn ok 
.( np’O’sn oloyi Pnpon oaonn int) 
nnpin PPoon Po nmnnn ntipn Pip 3 
ji’p’oon nnKJino PiPoon Po nii’Pyn 

:oskP nno 

13.22 IT’S 

aT = g’Sin(0°) =g-sin(180°) =0 

a T = g-sin(90°) = g :PiPooi imo n’PKOon nnpji 

a T = g-sin (270°) = -g .PlPOOl ijivi noom nilpil 

nsiKJi oa o’ oion ’sPa jiPyion ti’Pos’iojy nmKJiP <10010 ,p ok ,U’k*i 

.mg Pponn i’i*i PPai noiAin Ji’p’oo 
:nKin mipin ok mtP non 
Pin »ii>o PPAa ji’Poo’ioisn nsiKJin .nyunn *jPnoa niinoo imiNjin »no 
,<1iAn Po n’lirn ni>o PPai ji’p’oon nsiKiini Jmmnn 

a = VaT + aR :*t’OJi ,mti ,K’n nPipon nsiKJin 

nnmon nK jiyiP *pii n*npj Pn ji’Poonown nsiKJin Pin jik kiioP m 

.nmpAi <inn Po 


aT=0 



a^—0 


K>n nyunn »a nmiN ’Pip»o jntya pi n’oyj nnpi Paa nnmon nK’so 
.ninon naiKiia n’PAyo nyun 



.»aiK ni’oi 111001 ,1 m 1111K0 01m nop 2 kg mooo <iia :*n nmn 
.8 m/sec K>n PiPoon Po minnnn nnpja innmo 
?PiPoon Po nii’pyn niipm njinnnn nnpja oinn mn»no mo 


mi’Pyn nnpm muinnn nnpja niman o’oiji jik i”n % :in«o 
:minnjin nupn mmin jikiioo 


Oii’Pyn nnpja mmin jikiioo 
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ji’Piyo nyun - 13 pan 


.7>o NiunP )ii>3 nauinjin irrpia mna mmjion jin 

vi = 8 — ; m = 2 kg ; R = 1 m :on a’linin 

sec ° 


Mi - m -|| + mg = 2 -y + 2 -9.8 = 147.6 N 

nn>non jin nisoP v> nii’Pyn ntpia jnmiinn jin nisoP >73 
.n»A*iiN >Pip>w mtya jinj nwyj .it rmpia 

7>mn >3iy>nn man 02 ii nvnpin pa mow ji’PPan n>A73Nn 
yuao nPi nyujin pvaP *piNO Nini own nimnon Nin Pyian 
Ei = e 2 .rvmji 

Ek 1 f U G 1 = Ek 2 + U G 2 

1 2. v 1 2 

2 -m-vj + mghi = ^'m-V 2 + mgh 2 

nnaian Ji’PNnwoian nmiNn aw>nP tnrnn *iw>» jin anni 
.(l n7ipj) PiPooa 7Jii>a naimn n7ipia 
hi=0 ; h 2 = 2-R :pP 

:v 2 «N *nia3i m noon jin osmi 

v 2 = Vvi - 2-g-2-R = v'8 2 - 2-9.8-2-1 = 4.98 — 

..see 

:N»n nupyn nnipia Jiinmon 
M 2 = m-“ - mg = 2j— - 2-9.8 = 30 N 



own mvp 0.5 kg intmw 7173 :'a nmn 
pV Jl’llta DOIQ 7!73n .lm 1371NV 
.77nwm 30° 

,7nnvn yna oina nimnon >no 
fiPiPoo Pv 7jn>3 naioin n7ip33i IK 


•annum Ji7ip33 rnnian o’vaji jin ooawi 

Mi 


mg-cos(30®) 



mg-sin(30°) 


mg 


'113.24TPS 


nnmo) t»3NP mw Jinmonw rrnoP .oqnd mw jnnian Pi pv 
Ppwon jin p7Q3 (.miNiin p7 .jiinian asn Py ny>nso m>N PP3 
oinn Pv 7i3>nn mipi pma Nin mnNjin plow anna o>a>37P 


:jmo 
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m^xyn njmn - 13 jna 


SFr =' 


:K»n ^n>tv» iii>33 nNiwon 


Mj - mg-cos (30°) = m* 


:Vapi , vqh ^ mw *mm>n win nvonom/ in>3» 


Mj — mg*cos(30°) =0.5*9.8*cos(30°) = 4.24 N 





rmpii mmjion jin ntsq 3 ns 
o>vnji jin 33 o*np odiwj .rmnrnin 

„ : Diman 


*313.24 TPS 


jiirnsn w >3 mm3 pia3 *pra v** 

•>l7H>Tin }11>33 0>NS)3J 


m aw*!! 


M2 - mg = m* 


.n»X33K >Mp>w mm rmimnn rmp33 nn>nan jin Nsml 
|fll|i n’X33N3 *mmm jmpn Ji>^ 3 n mxiiNn jin niwj 
n>A33Nn 3w>n3 oinm mv>» jin nmi .rmnnjin mipia 

.•mijimin rmpn jinnisn ji^Nnooiarv 

.M 

a or>>3 *mnwn impi 'ro h 2 mun 

A- : Nin minnjin rmpi3 

/ 3 ° c h 2 = R - R*cos(30°) 

*" 1 h 2 h 2 = 1-1 • cos(30°) = 0.134 m 

0 :on o’otmn miuffi 

r '113.24-.r S V | = 0 : hi = 0 



v 2 = V2*g*h 2 

v 2 = v /2 *9.8 *0.134 =1.62 


:1N3t3 


:N>n mwiwin mip33 oiro mmnon 


M 2 = mg + m*^ = 0.5*9.8 + 0.5—j 2 - = 6.2 N 
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ji>7a9j5 tifm -13 jrsa 



§p na>D wo Ipf tvsm pp <\\x :*a awn 
p’bnoi ,R nwrw np7n nnro 
<inn pw> n>m mNa .n*r>sn jwn*i» 

?n9>3no 


:np7nnn rPva >m>7a n*npm mrnan nno jin *inhj 



ill - 


r = m* 


:K»n >t»Nmn pnan mman imiwo 


Ipil 


mg-cos(0) - N = m*-g- 

g|§lg§ man tnyaa p’t>ao na>an p 'jun 'jv mpmnnn mipn 
:tnpi .m hn craoim N - 0 nNiwon nnji pp 


(1) g’cos(f) 


nuniNn jin mwj ,n>A*iiN Pip>v WWm nsoj im>n»n jin 
. pwin impn mA*iiN 7 nuPyn mipn 

iP= E, 

. ■ 1 2 .12 
mg-h2 + 2' m ’ v 2 = mg'hi + 2’in-VjL 


na>an n’jinna tnnm mwn jin *vm 
hi = R :on o»nainw *p 



mm- cos(# 


:t>9NP mw nPnnnn immonv pvao 


v 2 = 2-g-(hi - h 2 ) = 2*g-R-|l-cos(0>] 

:mpn v 2 -> nt»nn jin nn« 


g-cosW '= ^-S-ll-ll R -'c°.(»)] 


3-cos(0) = 2 => cos(d) = j 


0 = 48.2° 
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nmyn nyijn - 13 pna 


nmnp im>nn 13.7.1 

1 >Py nPl>19 3VK3 ,(’K13.26 3im) KpQ >31K 313*0 <^ 1 A 1)33» 320 P33 KP 
kPo 3i3>t? «inn i>23> oKn nPKvP n3ivnn .g-sin(0) n>p>von nsiKnn 
<inn pm> onoo 3Pvn ,p>9t>o nPm m»K wi*i>no ok .mn>no3 nnPn 

:’^13.26 -n>23 nKinos >31 kd PiPoonn 



i'?mn ,trtn m'o man u’kuj ira .1 .K^n inn) nsinn irn .« :'Ni3.26 Tin 

.n’j’onnn pin D’lon 


mopn K>n nn>non niv ,mi>Pyn rmpn mv kid kPo 3 n>oP >Kinn 
mvPyn rmpii\y kid >Kinn ,nnnK o>P>03 .nP’oono ^nn pni> kP ,nni>3 

.09K0 Pm nm> >Po*mn nisn 


mvPyn rmpio pimv Kin (nnmon Pv >onpn *pyn) >Pmn 32on 


Tn 

▼ mg 

113.26 TPS 


.iponiin nion o9Kn> 
:Kin ,’PPd 3203 ,mi>Pyn n*npi3 mnion o>vnn 

Jt V 2 

SFr = N + mg = m-~ :K>n siimon t \hiwo 


2 ■■ , • , 

mg = m-^ :v c -3 nn’non dk poi N = o 13 >Pmn mpo3 

:1K3»1 
(13.20) 

,n>onp nn>no imnpi it nn>no 
.kPo 3i3’oP np>9t?»n nn>Pyn rmpi3 n>Po>j>on nn>n»n - n’onp nivnn 

3 vmP u>Py ,PiPt>on *piKP mnK rmpi3 <iun Pv inn>no up mini iwkd 
v’ mvPyn n*Tipi3 ok .mvPyn rvnpio nn>non nK ,n»AUN >Pi p>v mry3 
kP oki ,oP\y 3 i 3 >o y23> Kin n>onpn nn>non ya nnv nPm nn>no ^nP 

.>Piyon PiPoono pni> Kin onoo 3 Pyo ik 
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fWi* - 13 pHa 


s = R’0 

.. As 

V = lim -ir-r 
At —» 0 At 

A0 

w = lim -r— 

At-> 0 At 


jnan ditt7 


- p>pya nyuna Ji»wm mipti *pin yn *wp« 
- ft’Pya nviifla mnpn nivnon tm*n 


- fl>py» nyiina Jiwiitn im>non im*n 


:«>n mvnon nt>n» 


.1 rad N»n 1 sec-a d*rpfln <pm> n>mnv2 n>n>mn tm>non - l 


.. Au> 
a = lim at 

At —> 0 At 


- a>pyo nyufia n>n>mn nyiHiw n*mn 


:n>d nsiKfln flt»n» 


l Rad/sec -a D 3 flv» mji’iiw mvnonto a>n>mn ns)Nnn - l ^5 

.1 sec *py03 


.ton 3ia>t7 w'yvn'y *pinv pm - T - iiwu pr 
.flfiN n>3va ysao <pnw o>3ia>on loon - f - nnna 


- imniwn *mnon pt i>a *wpn 


:n>d imnim Jit>n» 
.1 sec 7«>03 tr»N wnn ysaon *iu l7\y rmnnn - 1 Hz 


2-tt-R . „ c 

v = — j — = 2-Tt-R-f 


- n>Py» fiyiina mnp nn>na 


2 *7T _ . - 

IjJ = -J- = 2 *7T *f 

v = w-R 


- n>Pyo nywna n»n>m nm» 
- jm>nai a>up tm>na i»a ivpn 


aR = g- = w 2 -R 


(n>pK»*t*l) ft>PafiVWJ2» ftthMfl 


SFr = m • a R = m • ^- = m • w 2 • R 


- >yo2»*ioiyn man 


at = g-sin(0) 


- n»p»wn nsiNn 


v c = V^R 


2 >o»ip nn»na 
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mP*y» nyiin - 13 p*ia 


njnNiin nnow nrom - naoa 

(’N13.27 *nn») onio oner nod ,nyinp mmnod PAyon yin «in Py Pdnoi 
.P’-d t' pn rnp’on mo Pd t ym tnp’on on po3 
t’ = t + At :nin onntn \n *iopn 
.P mipid PiPonP p’oon v mopnn N>n P nnipid nmnon 
.P’ nripid P 1 P 00 P p’onn v’ nopnn N’n P’ nnpid fin'non 
.nno onnd .nynp nvnnod N>n nynnn >d oP*md onio v’-i $ omopiin 

.v’ = v + Av :Nin onnn niopnn *iopn 
.v-At -P nifOPP’ tiopn tun nn nyiop mrnnod yi ^nno pirno 
moyp oP min) nnN nnipio mN3n> p’tioo *p .nnmnon >no hn p’nyi 
n> Py pn’d *idnn ,(*nopn <)N Po pool P*tu onon nP omno )nt Pd onv 
J ionNn nid’nnno iiino .P>yon mo >aPo nnnoo Av nn’nnn nooin 
oPion *nm .(’di3.27 nm) 6 N’n nini’nnn ’no i>o mmn oa ,onriP 

•O’QQ’ 

non) PP’ onn’d nnonnn nopn mo R O’Oimn no hn oa p’nyi 
nvyoo nnoPo *p ,n>yi*i miNn N’n o’oann nniNo nsiNnn .(’A13.27 
*id*T do imnNPo nn hra n>n> unno nd) o’pinn onnt no n*i”y 
no dN .ntP nt onmo nm onom noo Pdd mo pmn n’n’ dio’nn 
*T*iyd nP*mo nno PP’ nopno -ionPi di*np moyp )nn tno o’dino onmn 
.OPP’ no oPion nun PP’ « PP 7 ; PP’ *io»n ipP 



>Pyd o”pw mo o’oPion no) OPP’ -i O’QQ’ :Q>nn o’oPion no rail 

:onn’d pP nno niypyn on’. (on*i mm nniN 

Av _ PP’ 
v R 


Av _ v-At 

~v R 


:PP’ = v-At ooti 


Av _ v 2 
At " ¥ 


:mynn nuiNnP At-> o Piiao nnon nyumnn nuiNnP non wPd’p 


V 

a= R 


Av v 2 
a = lim t w = n- 

A£-» 0 K 
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*>py» roro* - 13 jna 


JllblW 

nvoniN’n nibNW 

?ii>j>>m niamo mo .1 
?n>np niamoi nmoir inamo pa 3iann mo .2 

?aia>o imnii mo .3 
7n3n aiarnn nnnnw 3aa annon pt ninoo m>a .4 
?yiioi n>3Ayo nyuna nyin naayoa o>o»p o>oiio Jimia i3>k .5 
?3Ayoa yi mnoo nnvai yiap n3m\y nyuna yio <pA 33 OKn .6 
yin <])x 3y ,n>3o3>noiyn nmKnn 3 iiai n>p>oon nmKnn 3 iia okd .7 

?o>yiap on paiK 3Ayoa 

,n>3oa>aoiyn nswnn pi>3i n>p>von naiKnn pro pa n>mn OKn .8 

?yiap Kin ,n>3iK nywna yin <pA 3u k 
3sk ,n>3o3>noiim nmnnn pi>ai n3ipon nsiKnn pva pa n>mn OKn .9 

?yiap Kin paiK 3Ayoa yin <pA 

,nyiap niamoa n>3Ayo nyuna yi <pA nvKao 3 ok 3 pai OKn .10 

inyiap K>n i3o nsiKnn 

nmian 3ipw nnana tK n>3Ayo nyuna yi <pA oko noK3 pai OKn .11 

?ooko nno i>3y o>3yian 

nKoi i3o niamon 3iu ok nuiKna yi 3Ayoa yin <pAw pn> is>3 .12 
.• ?yiap 

pu no ,nyinp na n>p>von nsiKnnv n>3Ayo nyuna yi <pa ok .13 

?n>3o3>aoiyn nmnnn 3 iia 3y p>on3 

nyiinav nipoo3 nK’anw o>3ip>on nai>o 3y nmpia nm/airn .14 
.3iyon o*io puna Kin naiKnn pva nyiap niamoa n>3Ayo 
3 k pm 33 3sii 'fiKn ni*T3 3yo >3Ayo 3i3oo3 aawoon pu3 OKn .15 

7K3 IK yiKn 3113 >13 

i3w noiaon 3WK3 ni>o> paro ,in>ii3Q3 niiAn k 33 youn oik .16 
?n3Kow oiKn nyiin3 oann ni3 o»p OKn ,n3Koo aia>o nyaao 

?t»3i>np ni3 mo .17 

?>3Aia>3oiyn mam >3o3>aoiun man pa nuwn moi o>3iann ono .18 
nuninn jik >/ikh .oina ilia aiwp 3iyoa nym nuiao nap>n 3 k .19 

.noiaon aia>o pta man 

ia a3w y>AO ,3ia aia>on asp awK3 .aamoo o>3pn 3y Kaoi yaoo .20 
?yaoon 3o nyiinn pva mo ?yno ,o>3pnn p pnu yaoon 
>ia>on o»p nyiinn 3o a3\y m>K3 ,n>aiK nK3i3 yaao oioo 3\yK3 .21 

?”oiKp3a" w>A3> 3ni>a 3iiAn 

?aia>on pi>33 i>iaiK jik noo aia>o yua3 ninin o»iaiK aan yno .22 
yaooi ,3\y> ipa 3 a3ajio >ioi u>K\y 73 )n3w 3y 3A3non yaoo yno .23 

?>3Ayo 3i3ooa yi ii>y 3y >ioin 
?>3iv’o w>33a aainon3 n>nao3 oinn man mo .24 
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ftn>jtf» nsnift - 13 fha 


»»aw*n ntow 

<h non 

Kin now P 33 V *p ,nynp M 7 mo 3 2 m lomnv P*yo 3 33 inoo 7173 .1 

.20 cm Pw pmo pyon nwp *j7iK3 o7pno 
?7i73n Pw noipn umw mo .k 
? 7i73n Pv nmonn innmo ’no .3 
?7i73n Pw 313 ’on nnnn >no .1 
7313 ’on Pv nnnon pr mo .7 
?l m Pw pmo ,nwpn piKP ,imn 07pno pr non *jin .n 
.30° 3w nnnn 07pno xin now Pnnw 73 Pxyon nninoo im r .2 

?7nnn Pv ftwwn innmo mo k 
7313 ’on nnnn mo .3 
7313 ’on Pv nnnon pr mo .x 
,np73 0’313’0 33 Pw 3Sp3 331000 O’Ppft .3 
?oO>pnn Pw 313 ’on nnnii mo k 
?3i3’on Pw mrnon pr mo .3 
790° Pw ft’iifa o’Ppnn Py mipi nonpno pr nos *yin .1 

P.5 Rad Pw n»m3 o’Ppnn Py n*npi nonpno pr nos *rin .3 

.10 sec P3 313’0 PW yi3p 32p3 ,5 m 10V77W Pyo3 p 7P> 
?ft’Pyon nyonn Pw 313 ’on nnnn mo .k 
?7Pm Pw noipn innmo mo .3 
?2 Rad Pw non 7 Pm onpn> pr non 7 m .x 
omn’o 5 Pw 3yp3 10 m/sec Pw nynp nnmo3 Py03 331000 7173 .5 

,np73 

?n>Pyon nyonn Pv *mnon pr mo .k 
? n’P*yon nyonn Pw 313’on nnnn mo .3 
?3i3’on tonn mo .x 

77 pm Pw ft’nonn mnmo >no .3 

371pO 313’0 OV773 niOO’ 365 7003 WOVn 3»30 331000 ^7 Kn 7173 .6 

,700lP’p 150,000,000 Pltf 
?wown 3’3lP 'fTKft nvrnTiia’o Pw nnnon pr mo .k 
? wown 3’30 ^7«n 7173 3i3’o nnnn mo .3 
?^7Kn 7173 Pw nymoon noipn nnmon mo .x 
24 P3 17’3 3’30 331000 Kim 7QOlP»p 6400 Kin ^7Kn 7173 OV77 .7 

. .niyw 

?i7’y 3’3o ^7Kn 7173 3i3’o Pw mrnon pr mo .k - 
?n’y 3’30 ^7Kn 7173 3i3’o nnnn mo .3 
?nnwon ipn Py n7ipi Pw 3i3’on nnmo mo .x 
?(PK7W’3) 32° nnn ip3 mipi Pw 3i3’on nnmo mo .7 
.5 m/sec Pw nynp nnm03 2 m ioi’77\y P*yon yi 2 kg moow 7173 .8 

? 7 un Py nPynn n’Po9’7ojyn nyiKnn mo .k 
? 7 un Py Pyi«m ’Po9no33n nnn mo .3 
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mPayo njran - 13 pna 


ny 3 un pmn m3 Pv ntwon ipn Py n’Po9’*io33n nswnn mo h .9 

?n>3j 3’3o ymn 7173 3i3»oo 
?7313n JliJINJll n D 3 J 1 KJ 1 )’3 Onm IDO .3 
?(32° inn ip) Phnw’3 n’Po9no33n nmNnn mo .x ~ 

Pv raiA 3 kid *wn 3 piNn nns >39 Py nymp smpi Pyo N203 imp .10 

•PKD 3113 ’39 Pyo 35,800 km 
?l>n>n Pv nin’on nnnn mo .n 
v ?)’iiPn Pv 3i3’on nnmo mo .3 

?)’iiPn py nPymn n’Po9no33n nmnnn ’no .x 

novo Py n33inoo 3 kg nnoov npon .11 
nmvp K>nvD lm iovnv pPn ’p9iN 
.np73 omm’o 2 Kin 3i3’on 33p .oinn 
Py o’pymn nmmn P3 jik ’/oo*iw .n 

.nponn 

?nponn Pv 111 ’on nnmo ’no .3 
?oinn nmmon »no .x 
©’Ppn py nmio 10 gr nnoov yioo .12 
.npni Don't) 45 Pv 33p3 33inoon 
Py o’Pymn mnnn P3 hn ’/oonv .n 

.ynoon 

on ynoon py Pyian 713 ’nn nn mo .3 
?333’on *i’yo 10 cm pnnoi K>n 
mniNv omn *nvp l kg mono )op *1173 .13 

omnv *13 ’p9iN PAyon 33 U 1001 2 m 
.3i3’on *i’y oy 30° Pv n’m nsv 
py D’Pyi 9 n nmnn P3 hn ’/oo*iv .n 

mnnn 

?m 3 n Pv 3i3’t»n oim mo .3 
?om3 nmmon mo .x 
?3i3’on imnn mo .7 
immo it’nP .15° Pv imio n3Aio 200 m mimv v ’333 313 ’o .14 

?v’33n P31HO n’Po’03o 

.0.1 Rad/sec 2 Pv nymp nm’m nyiNH3 o’Ppn 3310 P o’Pmno .15 
, ?5 sec 7 hnP o’ppnn Pv nm’mn iimmo mo .n 

10 sec 7003 o’Ppim ’3> Py n7ip3 no7pnov n’mn mo .3 

?nyi 3 im Pv nuiwnn 

*im yuoi nymp nmam 50 m itnmv ’P>yn P 1 P 003 717 P Pmno p .16 

.10 m/sec Pv nnmop 10 sec 
?>pn Pv nm’mn nyiNim mo .n 
? nPN 10 sec 7003 7 *m o7pnnv n’mn mo .3 
Pv n’Po’t>3o nmNnP oi*up Pi3» 360 km/hr Pv nnmo3 oon 0100 .17 

?y33P oioon Pi3’v ’Poo’on n’39n 01 m mo .ryouP i.5g n 





13.30 TPS 







fl*Piy» nywi - 13 pao 


’a non 

mnmoa pm Pa oo Ninva noPv nNPiP y^ao 0100 o»o .18 

.80 kg toon nooi ,5 g N>n mmnnn naipia maiNn .nyiap 
anNPiPn Pv mmnnn naipia omn Py avion pyrn in man mo .n 
anNPiPn Pv mvPyn naipin omn Py avion Pyi9 11 man mo .a 
lomnv >p*yo PiPooa nnuoo yuP nP>nno 600 kg nnoov mnao .19 

.1 m/sec 2 Pv nyiap naiNnn ,200 m 


s anoiaon Pv mmmn rnniNn mo .n 
? nyim Pv 10 sec nnxP noiaon Pv mmmn ninmon mo .a 
?nyim Pv 10 sec nnNP mPomnoian nsiNnn mo .1 
?nyim Pv 10 sec nnNP noiaon >PaPa Py *riamn nia mo .*t 
nyynoi 45 km/hr Pv nyiap ninmon nyi 800 kg nnoov mnao 

.>p9iK v>na Py 100 m Pv oinnn nin>o 
?mnaon Py Pyian ’Pomnoian man mo .n 
? mnaon Py Pyism iiamn nia mo .a 
?nt aia’o nvoNov ’Pomon moon -yiamn oapo mo .x 
?*Tiamn nPP da aia>on nN nvQNnv v>nan nnainn mm mo .a 

>p 9 iK PiPooa aamoo 2 kg moov ana 
nmm lm ianiNv oinP nivp Ninva 
’Pomaon pnnn ,aia>on n>y oy a mm 
nnmo jin o»Pmo .100 N Nin oinn Pv 
.yapi omnv ay anan Pv aia’on 
?omn ynpi mm mna .n 
? pimm ynn nvran ninmo mo .a 
?pimm anNP aiaan Pv nyimn nan mo .x 
*ja oma nnPn 5 kg nnoov mop nam 
oinn Pv )i>Pyn nypn 10 ntaao pnnov 

. 1 . 5 m Kin 

010 .5 m ianiNv »p9iN 010 P nivp oinn 
.ian Py aamoon >pjn 010 P aaino nt 
Py o>Pyi9n nmian on >/oonv .n 

.nnmn 

?nnmn Pv aia»on oma mo .a 
?oma ninmon mo .x 
?na>nn Pv aia»on ninmo mo .a 
nN aaioP o>a>vooi ,na»rm *pnP 1 kg moov iop o>ooao .n 

.mmm niamo nmna »aiNn oion 
?’a-i ’x, *a o> 9 >yoP ninivnn unv> ay>a 
.oPv >aiN Piyoa aaiooi 2 m ianiNv oma nivp 1 kg moov ana 
aiPiPoo Pv mi’Pyn naipja mnv 9 Nn mPomon mamon mo .n 
aiPiPoo Pv mmnnn naipia mnv9Nn mPomon mamon mo .a 
?m napoa mvPyn naipiai mmnnn naipia oma ninmon mo .x 


'•*— 5m—► 




.20 


.21 


.22 


.23 
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n>PAy» mmti - 13 pno 




I 13.34 TPS 


* nnna nn nayp nypn nmio mop nam .24 
.naaniooi ,im nomao npPn 
nmpn n’Poano:nn nsmnn mo k 
7C-1 ,B ,A 

,A nmpn n>p>won nmKnn mo .n 

u. ?c-1 ,B 

.lm ono ton Pa toko omm ovP mop 0.5kg mooo pp im .25 
?Ppoo >ii>o nson ,o>oinno anK Pan ninmon mo .k 

.yapj >PKOon omn .n 
?ny>apn anKP a>o oom oinn ninmon mo (I) 

?omn n>Po>oaon ninmon mo (II) t 

.yapj oom oinn .a 

?nynpn anKP a>o >PKOon oinn ninmon mo (I) 

?oinn n>Po>oaon ninmon mo (II) 
l m ono anK Pa thko o>om ooP mop l kg mooo pp ana .26 
.1 m Kin o>omn Po anmn niaipi yi pnaon 
.5 Hz Po manna nnmoo anan 
.anan Py o>Pyian ninian Pn ok yooao .k 
<< ?nin’on oma mo .n 

?anan Po mn’on niamo mo .a 
? o>omno anK Pan ninmon mo .a 
nm>on mann nK o>Pmo noaipn nPKon aKinon maaP .27 
. 2000 N Po nno >Po»oao pnn ominn ooP 
?1ioKa yap> o>omn ooo >o .k 
rr ?iioKan oinn yap> nnnn n>Kn .n 

naamoon ,30 cm nomao myp *pnn 20 gr mooo pp ana o>oo .28 
asoP v>ao Kino ay mypn nPyon oaoo anan .10 Hz Po niannn 
anan nnmoo nr nson .an>on anP e mum Kin aoKa Ppoo >n>o 

.naypn oy an» 

.anan Py o>pyian ninian nK yooao .k 
? anan nK naypn nsmP in man mo .a 
?anan ksoj nn mum mo .a 
? nm>on oma mo .a 
,naypn Po nin>on nia>no nK o’Pmo ok .n 
?noo aa> ik nPyo anan npy> oko 
? 0=9O°-P ay npy> anano nno pn> oko .1 
.2 m nomao n>aiK nP>oon yi loo gr mooo ana .29 
.10 m/sec PiPoon Po minnnn naipjn miamo 
?D-i c,B,A miaipin nPipon nsiKnn mo .k 
naipn nP>oon nP>yaoo nian i>n oaann mo .n 
?nii>Pyn naipjn nP’yao Kmo niani mmnnn 




13.37 ivs 
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juaiyki rmstr - 13 pan 



13.38 ivs 


ia*iiKv ©ina *nvp 1 kg inoov “ini .30 
(ouip) ovm ay mio imn .80 cm 
1>a 712m yn .30° i2v vK*m juiiiv 
,uok *mani ,onnn .novom nnan 
. 0.2 Hz av Jin>*TJia aauioo 
.*man ay o>ayi 9 n rnnian jik ’/©o*iv .k 
?oma mmjion mo .2 
?>ao*nm man mo .x 
ir>Ka ,©nnn aauioo na nwmn jmmon jik a> 2 mo ok .*t 

?oi*inno man pju> n>n>m nnmo 

nnmoa ojn aiyoa ym ,piy 2 a2a 9 aauioo 40 kg uioov *t2> .31 

2v pirn ,10 m Kin aia>on 12*100 tarn avio av pn*ion .nyiap 

,jnp*r 3 Kin *rnK ao’t? 
?aiaoon av naiom nupia tarn ay avion a>y 9 ov man mo .k 
?aiaoon 'to nnmn mipia iam ay avion a>y 9 ov man mo .a 

na>oo Py np’ano m nnoov mop nam .32 
noav m*aia n 9 ioai *mo nnamnav 

.R nomnv 

*nnva v’ ia >aou>on naun mo .k 
7*iina yiuiv na na>nn jik 
? moo pino k 22 na>oon 
namn rmnivo 1100 naun ok .a 
paomon naun yo o>ov >9 am 
jik na’oon jisma ia man mo 
?nKaian av nnmn mipia naum 

72 *inK nyii ,A naipia nmanim nnmo jiaapo 4 kg nnoov jump .33 

•t .jiajii9o na>oo 7*nKa 71am Kaa 
nyujia nnv 9 Kn jopou’on jirimon Km a naipia noiaon jim>no 

.nipninn Kaa 

?G-i F,E,D,C,B nmpia ji>ao9noian naiKim >no .k 
?G - 1 f ,E ,d ,c ,B nnipia n>p>von naiKnn >no .a 
?G-i F,E,D,C,B Jimpia nonpn ay na>oon na>y9ov man mo .x 
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ti>bxy o nvwfl -13 pna 


CP 


13.41 IT'S 


>paiK aian nun 71m naio yop 711 .34 

*pa>nn onpo ,>aiK nn a>ao aamoon 
.0.2 Kin 010m 71m i’a moon 
.^wn by o>ayian ninian jik yoonw .k 
,1 m Kin aiamn nno ^nn pnno ok .0 
jjio na Ji>ao»oaon 3 n>on jmmi mo 
?oion jik aaioa 

nnno >ao>oaon pnnon mo ,1 Hz aw nnnui aauioo oion ok .a 

? 7 iin jik anna yiow 

>paiK aAyoa aauioo 4 kg uioow 71A .35 

o>aia>o ow aw aspa ,yiap omna 
ow 70a oma mwp Kin nwKa ,n’ioa 
1>a moon *pamn o*rpo ,6 kg uioow 
.0.4 Kin nowoni nun 
?oina Jimmon mo .k 
PAvon aw o>oinnn oinn mo .0 
?aauiona 71m aia> ona 




*yaon lanww 7>apb nmwp 2 kg aw noo .36 
noon .200 N/m iaw 7>apn yiapi 50 cm 
pb n nowo by >paiK >b\yn aiaooa nya 
.0.5Hz bv Jiinnna 
?noon by o>ayian Jimian ono .k 
? 7>apn nuio non .a 

13.43 TPS 

.mnno nna a>aoo jiaamoon Ji>a>nA nyao bv mao Km nan jonn .37 
.nanon nnn a»ao aiamn 71m yno ynaon .k 
bv mtnon par jnma 7ns no ,100 m Kin mnnn oinn ok .a 
?^nKn nna by 10a iwon> o>wjKnw na aia>on 

moip jnaoioo mow mom/nam .38 
iniKa jiiKuoji nmpin miiKa jumwpn 
o>nwipn o>omn 7niKw jnnoa ,naiAn 
.jiinnjm nniKa man ,miw ohik 
moam 2 m onmn nomnw Jiyao .39 
by .nranoa nn a>ao na n moo 1.6 m 
*pa>nn onpow npon Jimio jiyaon 
. 0.6 Kin nowon pai m>a 
na Ji>ao>oaon aia>on ninnji >no .k 
K a nponm nowon jik aaion ijio 
? nowoa Ji’on’ nwi 

?m mpoa nponn aw aia>on oinn mo .a 





13.45 IT'S 
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n»P*v» nvun -13 



pPn >p9iK pPio Py nooinoo npon 
2m X 2m on iPo p’pyn nooon nn>oo 
.1 m n9vnno mom 
l.5m iooiko omP nmop nponn 
.pPion 0*100 *inP minon 
.np*n omom 5 Kin oio>on osp 
ftm a mipiP Pio nyuo nponn ooko 
} -piKo yvin iniKOO ,oinno npno 
, , 1 p 1 .pPion n9oP 

Li-1 vaqji nipnmnn yno yor noo *rm 

Tnavno nponn 


x non 
40 


. * c 



13.47 IT'S 


.^op nun mspni L ioiiko omo naoiio nPoioo 
.nyonP yn9on *1000 o> niKn mo 
: Kin n’Pnn rmpu moon pn pnion ok .k 
oinn dk omnP v> no n’Poomn rmtn mo 
yso’ mono no idik ononooo 09 P 

?OPO OIO’O 

Kino > 39 P >p91K OSOP *TV OOIO Olfin OK .0 
moon Po >Poo»on pmon mo ,rmioo 
?kPo oio>o nmo>o n>Pnn nnipio 


.41 



13.48 -IVX 

on>o pm ,n>Poo>on 


1.5 m nmPnnn nnmo nPopo nom 
npPn nnvro nn nP’oo npmn 09 P 

. lm noinoo 
nnP o>o nPoonon nnmon >no .k 
Po p’Pyn nspp ynno no nomP 
?nP>oon 

>9 mop nmPnnnn nnmon ok .o 
ipko ,n>Poo’on nnmono omo 
TnPmono nomn prom n>m 
nnmoP nno nmPnnnn nnmon ok .x 
?n9uno nomn yiam nPnnnn mipiP 


.42 


.2 m noi’Tio n>oior no>o py nK^oi noior nom 
H nop Py pnoon mo ,nmioo imp npmno nomn ok .k 
? n 9 ’ono pnnno oy nomn von 10 Piyon 
nnm nipnmnn mipi OKn niom o”p nm ok .o 
ifimfm ?*mv nnm ik ini’ noioj 

13.49 nvx t! n*np 3 o ,nomP povnP o> nmPnnn nnmo ir>K .x 
c. ?n 9 ’ono *r>o pmmo no ,K>on 


.43 
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h’Pavo nyun - 13 poa 



,o1nP nopm o.5kg woow *tm 
lii>33 ,2 m ioi>*n\y aiK Pa^oo 33inoo 
3i3»on o*io ran .iwun pi»3P iaoo 
.4 m Kin n92»*ino 
Km nation Po b n*npi3 non nnmo 
.313 >on no 7 m pno omn .5 m/sec 
pmon m>vw9K vooko nnK to ’ 3 AP 
D (IV) C(III) B(II) A(l) :niK 3 n 
:niK3n niPKwn Py >/niy 
?omo n>Po>ooon mnmon >no .k 


?n 9 S’*n *m3n yA3> pwon vaoo )m noo 7 m a 
?n9U’03 nvn9n mipii pwon n*npi i>3 >p3iKn pn*ion mo .a 
.10° K»n opyon Po nnoAnn n>m .200 m iom*io opyoo nyi noao 
7713 m PP3 i>k ok yuP noaon nPio’ nnmo n»K3 .k 
opyoo yoP nonoP *W3KP ’id vmn *ja>nn o*rpo mo a 
?’K 7>yo3 nnmono 5 m/sec-3 nPmn nnmoo 
opyon ynp nonoP 103 KP no omn 713 ’nn o*rpo mo .a 
?’k 7>yo3 nnmono 5 m/sec-3 mopn nnmoo 
7i3>nn o*rpo ok yoP nonan nPio’ a ni’nmon omn mo .a 

? 0.8 Kin oaom o’PaPao i ’3 moon 
nmrm ,o>kh goo 1133*110 PPn wnn 
.ntanoP 3 aoo f nionno nooinoa 
.o’Kim nnK nsan Py nnno m noo 
?noon Po nPpoo mo .k 
.K im mpmo nP 3 io noon .3 
?nnyun mw nmn no (I) 
?n’Py o>Pyi9n nmnn ono (II) 
(o’ono ninm o”H’ok mnio) 
nmpio nyunn ok >/*i 3 on (III) 

PPnn nmn 71113 noa Po o3on 
.nmnP ^mo <in*ion 00 n<mi 
noion ou’y 71113 nnno 200 gr Po noo 
noon .’3JK 3i3’o *i’yp 30° Po n»nt3 



4S. 



13.52 IT’S 


o*tpo .rnsno 20 cm pn*io3 nnno 
.0.4 Kin ni’un i»3i noon i’3 713 ’nn 
3310 P yio 13 ni’nnnn omn mo .k 
>P 30 ’ 31 Kn * 1 ’!*P 3’3OO *113>2*n OK 
?*ni’nP ona yon noono 
nmnnn ok noon yun p>nP .3 
313 ’on nnnno *mi> nnm 
ini’ no 101 ik ,n’Po>o3on 
?n’Poo’ono 


.44 


.45 


.47 


- 329 - 










wbxvn nyijn - 13 p*ia 


nm\yn 

T=62.83sec .7 f=0.016Hz .X w=0.IRad/sec .a v=0.2m .M .1 

t=5sec .T 

T=12sec .X f=0.083Hz .a w=0.524 Rad/sec .K .2 
t=0.14sec .*T t=0.455sec .X T=1.82sec .a f=0.55Hz .H .3 
t=3.18sec .X v=3.14m/sec .a f=0.1Hz .K .4 
u=0.524Rad/sec .7 R=19.1m .X f=0.083Hz .a T=12sec .H .5 

v=29,885m/sec .X f=3.17M0-®Hz .a T=3.154-10 7 sec .K .6 
v=465.42m/sec .X f=1.158'10 _5 Hz .a T=86,400sec .K .7 

v = 394.7m/sec .7 

Fr=25N .1 aR=12.5m/sec 2 .K .8 
1:289.5 .1 a R =0. 0338 m/sec 2 .H .9 

aR=0. 223m/sec 2 .A v=3069m/sec .a f=1.158-10 _5 Hz .K .10 

M=0.132N .A v=0.21 m/sec .a .11 
f s =0.022N .a .12 
f=0.38Hz .7 M=11.32N .A R=lm .a .13 
v=22.92 m/sec = 82.5 km/hr .14 
9=5 Rad .a w=0.5Rad/sec .H .15 
9=1 Rad .a a=0.02 Rad/sec 2 .K .16 
R=680.3m .17 

N=3136N .a N=4704N .K .18 
a R =0.5m/sec 2 .A w=0.05Rad/sec .a a=5 • 10“ 3 Rad/sec 2 .N .19 

/ f s =300N .7 

a=9.06° .7 n= 0.16 .A f s =1250N .a F R =1250N .H .20 
Ji’pQIK npnr .A v=6. 93 m/sec .a a=78.7° .N .21 
v = 10.34m/sec .7 M=98N .A R=6.3m .a .22 
R’=R ; M’ = 117.6N ; v’=v ,D 
Vmi„=9.9m/sec .a v mi „=4.43m/sec .K .23 
Mn'nm = 0 ; Mnun = 58.8N .A 

3ra = 0 ; aR b=33. 95 m/sec 2 ; aR c=19.6m/sec 2 .K .24 
ax A = 9.8m/sec 2 ; aj B-4.9m/sec 2 ; a T c=0 .a 

Mi=4.9N ; M 2 =6.93N N .25 
M=14.7N (II) M=0 (I) .A M=7.77N (II) M=3.46N (I) .a 
Mi=483.68N ; M 2 =503.28N .7 v=27.2m/sec .A R=0.866m .a .26 

f=10Hz .a )1>Pvn .K .27 
NP A npy> .n R=29.999cm .7 a=89.52° .A N=23.69N .a .28 

aA=50 m/sec 2 ; aB=10.8m/sec 2 .N .29 
a c =3 1 .94 m/sec ; a=17.87° pG WDO DOO 
a D =4 1.09m/sec 2 ; a=18.08° pQINn Py» 

AN=5.88N .a 

w=3.56Rad/sec .7 N=2.22N .A T=9.55N .a .30 
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twin - 13 fna 


N=391.51 N .1 N=392.49N .H .31 

N=5-mg .3 h=2.5R .N .32 

aRB=9.8m/sec 2 ; aRc=98m/sec 2 ; aRD=49m/sec 2 ; .N .33 

3re =43.27m/sec 2 ; aRp =29.4m/sec 2 ; a R G=9.8m/sec 2 
a T B=aTc = aTD = aTG=0 ; ajE =~6. 93m/sec 2 ; at f = “9.8m/sec 2 .1 
N b =0 ; N C =431.2N ; N D =235.2N ; N E =200.8N ; N G =0 .X 

x=4.96cm .X f=0.22Hz .3 .34 

36.4cm < R < 38cm .1 M=58.8N .X .35 

x=5.46cm .3 .36 

T=20.07sec .3 .37 

R = 1.6m .3 f=0.305Hz .X .39 

t=1.725 sec .40 

h=3/5 L .3 a=67.98 0 .K .41 

x=0.5m .X a=41.4° .3 v=7m/sec .X .42 
v=4.43m/sec .X D310J n*T1pi .3 S = 1.68m .N .43 
x=6.5m .X t=0.64sec .3 M=30.7N ,K (I) .44 

x=4.52m .X t=0.9sec .3 M=1.35N .X (II) 
x=1.45m .X t=0.32sec .1 M=23.4N .N (III) 
x=5.88m .X t=1.76sec .3 M=8.7N .K (IV) 

/i=0.081 .3 n=0A02 .N .45 

N=4’7r 2 'f 2 -R*m .46 

w max = 18■ 44 Rad/ sec ; w min =6.2 Rad/sec .47 
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pnvwms - u pno 


14 pia 


>yyp7) yiirn 

N110 14.1 

ik anK ma nPvano nKvma ,anK <iia Pv npmnan mana npov wav tv 
.o’an ov yy vAaoa np’va piovi nvn pnaa .i>Pv mma Pipv 
mnonoian UK nKmv pup van Knpm van *pv nnAJ ,nv vAao nuio ova 
,nnv Pm mm <)iA Pv mpn vmnv Paa .omna VAaoa o>anno ann Pa Pv 
Pv nPmn ima>vn jikti ,<pm .nm> nPm nmn nivAinnn Pv mvavn 
mo’v pm o»pno ,o>au ov yy nivAmn prav nanoo ,nipn vmn avio 
mnoa aKO oP nnv’ nv pm .mpn pnn mo’v pm Kim ,pav mam kPv 

.o>aiA ov yy vAaon 


<pivon 14.2 

nv’van *r’Pnn .m mvov auaa npnna vvian Pxarra pnv uovvP nKm 
ok iP>aK) .aiaam novian PAnn yy ,At pv *jvoa ,vao Pv *pPnn Km 
,maam PAnn yy vAon iPnoa .(o»p pav Kin aKo nvp nKni pm 
iPaua nnv nia PAnn Pv P’vao maan) .maan Pv F vmoo nia PAnn nP’vao 
(.naiAin nPiva Pv mma An on nPK »a ,on>aa *jiam 



hk naa mam .Av -a imnmo jik m>v maan ,nian nPiva npoan nnKP 
:pno Pv ovn pma nooon ,mnmon nnv yy) man yy nvpn 

=. Av 

F = m-a = m-^ 

F-At = m-Av :nKan nmva ,o>aAK ovP nKiivon dk anm 

on ,man nPiva pvi man nomv - nnnvoa Pkowi pPnnv navno 71110 
nKiivon Pv oom pPnav mnmon nnvi noom ,anK ^iaP omvpn o>PaA 

.ovn <pP omvpn o»PaA on 
mnmon nmn *ja ,nm> 7 vik nPivan pvv Paai ,nnv Pha Pvian manv Paa 

.nn «)iAn Pv n’aion 
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vim « 1 pm» - 14 pna 


nPm jump nn»n P*At nPaaon ,Av immn w pik jik PapP na ,PaK 
-~im> nPm mmnon jik nP nuoP o>oioo noono Paa ,uii> 
-posi .PAnnaa oipoa .Pin kPo nnaa oivaP nsm ok ,iiPo nnpoa 
PA*in )>a vion iot) man nPiva )ot nn pmnP ik man jiosiv jik PmnP 

.Av jinmoa >u>on ijhk jik PapP na (nnam 
.<)iAn P\y invuna >ii>oP poiP Tran K>n F*At nPaaon 

J jiiki moiooi <pm» jiKipi it nPaan 

(14.1) 

*jk >iPn <)pn>on .<)un Pv Pvian man )ii>a Kin un>ai mopii Kin <)pJi»on 
.man Pvam vPvo <pAa kP PPai .man jik P>vaon <pia p*n 
[J] = [F] • [At] = N-sec :p <pn>on *noi pa jimrnn 



*)un Pv Pvian man jik ikhoh <pAn nntva Kin <)pJi>on Po >a*iAn *iiK>nn 
.<)*uP nnno KiPan noon n> Pv <pAa ikijio <)pJi>on .ptn Po nnpuaa 


F [N] 



,oioa ,Kin noon viap man *iokp 

:nPaaon 

J=j?*At 

f)pn»on ,u>iaPo <)*iAa nv>aion noma 

:Kin >PPan 

J = 10-(15 - 5) = 100 N-sec 


F [N] 5 


10 15 20 t [seel 



mao Kin >ii>on PaK .mjioo man noKa 
oiao Kin <pn’on ,>ioP *mK viap 
pokp ,*pAn >*r> Pv o’KiPan o>noon 
o>noo on x-n *mP nnnoo o>noo 
Pvia Kim >P’Po Kin man >a) o»P>Po 

J = S(f'-At) .(iiann )n>aa 


<pjvon .iioaPo <pia nv’aion noiua 

:Kin >PPan 


J = 10• (4-0)+ 5-(8-4) + (-5)-(12-8) + (-10) *(16-12) =0 


.Ppaoa’k n> Pv noon aw>n orn ,*un> *yaioo <pji>oa >u>on *iok3 

(paan <)ioa naoia oia>a) 


- 333 - 

























yaw <ipmn - 14 psa 


ms n> Sy <pn>on ioik jik sis’S no9rto sioSS p>i mxft 'PtfSffrr jfity a 
Ss -jo Kin sionn .-piK pr twos pp ms n> Sy ik ,syp pt 70ns Sm 
:Ksn <pia skwo Sssnn yisp ms So nspos .‘pan n> Sy noison noon 



F 


mmt 

iSi &l 


t 




■ imri *3iu rrspjigD iran «p;rt nnim NVnn nuuin '‘T’ 1 * 2 u mpj npirnn 14.3 tpx 


■ 1 1 T- ; - { 

♦tip Vifl 14.3 

?<pji>on So nKumn K»n no 
Sy SooS 10s ,0010 o>aw oo Sy <pii>on ijhk jik S>y9i ok ,osokv >as 
SSis ,n*Pon nniKs oms>no jik iio> kS on ,Sm kSo sns Syi Sisns 
,nosy v ms>non soko sjiv ,<poo m-Av S*mn ,ps ,on>vs moon Stan 

,i>Sy ^pn’on nSiyao sk^ihs <)na Sno >ii>on jik 


nSiy9 anKS nimnon jiki v-a <pjoon nSiya oaS mmnon jik poi ok 
: nno mm n>SK iiyvno nKiioon jik auisS Ssii ,v’-a 7pn>on 
F • At = m-Av = m • v’ - m-v 

:p hiKs nmK pon >iip yia ooa ms>nos noon So nSasos Kspi 


5 = m-v 


(14.2) 


,<)un So ms>non yms Kin mvsi mopn Kin >iipn yinn 

Sy 0010 o>sas >10 o’Kson ,ooio o>ssy oo on rnmnoni >npn yuin 
oiSs jiioik kS K>n .71m yi pvs nnKsi sno nos jiskjio Jiis’non .<inn 
riKf jioiyS ,>iipn yuin .n nvonoS 71m jik K>anS ns ossin ^oKon Sy 
omn «pn>on jik kSk (p Kpm posn jik) ms>non Ssn jik *ikjid ii>k 

.invonoS 71m jiKsn ooS 
<pmon nsiuS sop kSS ,v ms>nos yin <ina oSnn Ssu Kin >npn yuin 

.vSy nSyao 
:p >iipn yuin ssoi ps jin>n»n 

[p] = [m] - [v] = kg-^ 

see 

(.pa>nsa pssn Siss>on msoS ,pSoo oo iSk jm>n>S )»k) 
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yjm - 14 paa 


:*p ana>n5 naia’ mpn pjm >uwa <pn>on jin naopon nNiwon 

J = F • At = m• v’ - m• v = A(m-v) = Aj5 


moaiaon rnnm nNiwon jin ainai 


F • At = A(m-v) 


(14.3) 


:nid mpn ymn mwi <pn>on in aopn moo ,o>a’na 


mpn yinn mwa mw <ipn>on 

,*rnN aso myain nniN ao onay >w onNno mpn yinn mwi <pn>on 
ayo .<pn>on mr - >wn <iun ay anN <iia >a> ay pr *piNa ayian did o»p 
,iao mpn yinn jin >wn <pm moo nr <)pn>oo nNmna ,>w 

>nv noyoa on *jn now nn>n>a omtu yinm <pn>onw nawaa nN*o 

:n>aNp>o>a na>m nniN a\y tmis 

[T] = N-sec = — P - sec = — -m = [0] 
sec 2 sec 


noann 09 a Nuom ,<p\x amallall apo natya o>oam 
so gr <iann im noo .o.oi sec Nin noann pr mnooa 

.30 m/sec noann anNa wnmoi 
?<iaonana 'ro pnn >uw mo ,n 
?< iaiin ana ay <iawn apo >aliy aymon <pn>on mo .a 
?< 1 >wn ana ay ^aun apo a>yano yyioon man mo 


’n main 


v - o moann oaa mamon 

v’= 30 m/sec moann anNa mamon 
m = 50 gr = 0.05 kg moon 

|j§§||51| - . “ ; isWgjfliKWiifr I , 

Ap = A(ra-v) = m-7’ - m-v 


:on omnm 

"A".;' 


:]m>s 


iiii 


Sli 


: Nin mpn yinn mw .N 


Ap = 0.05-30 - 0.05-0 = 1.5 


kg-tn 


U 


sec ^f|«;|i§ :• II 

:mpn yinn mwa mw <pn>on .a 

J = Aj5 = 1.5 N -sec 

.14.1 nNiwo narya nsoi yyioon man on m 












































































Vim <|pn>o - 14 paa 


anan .a»p naya 5 m/sec mnmoa pin 500gr taPOw im 
M’ y|g .3m/sec aw mamoa anni 0.02 sec *jwoa a»pa wxmo 

?nnn aw mpn ymn >u>w mo n 
? amn ay a>pn a>yanw yyioon man mo .a 

.nmanrmn mamon pnaa >avnn (ivan m anal 
f - 5 m/sec :a>pa nyoan >iaP mamon . :on oomm 
.$* = -3 m/sec :(*pan pi>an) a>pa nyuan nfftta mamon 
m = 500 gr = 0.5 kg :nwon 

: kid mpn ymn >u»w .x 

Ap = m-v’ - m-v = 0.5•(-3) - 0.5-(5) = -4 — 

: sec 

:14.1 nxnwo natya xsoi ymoon man nx .a 

J = F-At => F = l = ^= =i - -200 N 


-a tmrr 




■pama 


k ‘It a? o.*z • • 200 N 


.mnannnn mamon pvaa *jian ymoon man pva 



6 m /sec 


aw mamoa axaxrib 0.5 kg inoow ana 
manxaw no>ya aapm m>o» 5 m/sec 
pvaa nay>aa 30° aw mma yi Kin 
.6 m/sec aw mamoa ,axow 
Ill ?anan ay avow ymoon man mo 


* nnm 


’anN 


®ll&mpn yinn aw mopim >mxa awnnma o>a>m it naxwa 
§w >aimn yman nxi m>o> X-n a>a aw >aimn pvan nx anai 

.nayo >aaa Y-n a’y 

v x * 5 m/sec vy = 0 :on o’limn 


liamo 


6-cos(30°)= -5.2 


:Xm ,mpn ymn >«>wa miwn ,a»aa aaa <ipmon 

= m• (v x ’ -%) - 0.5* (-5.2 - 5) = -5.1 N-m 

m - (vy' - fy) = 0.5-(3 - 0) = 1.5 N-m 

:xm a>aa aaa ymoon man 


-510 N ; Fy = ^ = ^ = 150N 

:on yaioon aipwn man aw uii>ai ianix 

(-510) 2 + 150 2 = 532 N 

= -0.294 => 9 = - 16.4° : : 1 
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Vim *)pn>» - 14 pis 


mptf 3rtrrr nmvp 'tpn’nrr pr mivpnn naiivnn in rmn hk rrai on 
. min Pv niPino’nP nvin mw Pipi = _ Ap :(14.3 rntnvn) 

F " At 

•inf nmmi <jiAn Pv mpn vim >n>vn ovvi Kin nun 


Pipi ,t>3KP <ikiv kid 11 PhaP *rv Pvu nun uv pm jik ovovi ok 

:’VA**in niiP no’i ,viion nil oipm 


f = 


lim 

A t —> 0 


Ag 

At 


(14.4) 


niun K>n ,’ii’vP omn mini mpn vinn m>v up i>i ivpn Pv it mu 
Kin mpn vinn it mo’i mm .iPv >ivn pinn hk )ioi’i non ni nnipnn 
iiniK niv niun ,pini ,nvm it mun .non itai mini ’o»oin Avion 
jik mionP mi’ Pp Dwa u *riann ill’ll niPn nniK .oi’i o’vnnvn 

.14.4 nKiivn nK ivko ? = m-a nKiivnn 


mpn yinn m»»\y pin 14.4 
<iu i>i vas’o Pvi ,o’sia ov i>i vAS’nn Pv ,m pisi oa .wPinon vviv *tv 
kP ,(<ipnn) ou’n mi <iia Pv Pvis ivkiv u’kii ,ou>n nu viP mK 
.o>3iA ov vi vai’o Pvi vAi’nn Pv Pmoi vviv .iPv mpn vinn invi 

.*rnK °jia kPi o’sia ov vviv P’in ouun nnvn 


nPii> nivAinnn .mi nT o’vAinm nT nmvP nT o’vin o’sia my Pv Pmoi 
ik ,(’K14.5 mu) tik’P’i nni my Pv mpm mi ,vao >*t> Pv nivv’nP 
.(’114.5 mu) pm mv o”Povn oovoo ov Pv mpm mi mn*r n> Pv 



n mpm tod u m m 'ju mtuim 1 ? hYd** ■‘juj ya imuxjiin :14.5 ivs 

. a mpm iro ,imj nY? mm ^ *?u in 


ninun ’iv .ovn ^nn Pv mi <iia Pi P>vsn ounn i>i nivAinnn *jPnnn 
nPivs Pv ninu ait on iPkv inKn .oiii’ii o’lism oP*tiai omv nPKn 

.mum 

^ 1,2 = _ ? 2,1 
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ymi 7 pn>o - 14 pio 


:At owran jo nw an imi ninuno *rriN Pi Pon 

?12 * At = —p2,l'At => Jj,2 = “J 2 ,1 

ip*mi nno oon 71m py *mN 711 P0900 7pn>ono N>n uPi’po dk^idd 
• 1ioN*in 7nn Py ’ion 71m P>y 900 7pn>oP 131101 711m 

Pno o’p’oo uniN 14.3 nNiioo >3 Pyo 71 ,7pn>o Pyo oouno *rnK Pi Py 

.1P0 mpn ymi m’o 

Pmoi .monnnno nNuini nmon oonno *mN Pi Po mpn yinno nnoP 
,0109 ,Kin OPin mpn yinn) conn 00 Po >PPin mpn yinn nmon ONn 
:(oonn 00 Po mpn ymn »ii>>y Po mopnn oiion 

Ap = Api + Ap 2 

:i>Py Py9o 7pn>oP nno mp yin >u>o P10 yn>o 11100 
Api = Pi, 2 ’At ; Ap2 — F2.i'At 


:nmni nPiy9 Po ninn aw on nmnn awo n*rnyn mtyi ,Pipi 

Ap Api + Ap2 = Fi,2‘At + F2 ,i • At — Fi,2"At — Pi,2*At = 0 

>npn yinn cion . noun >10 Po >PPin mpn ymi >ii>iy )>no noi nipoon 
inn 71A Po mpn yinn pp ni main Pin ,ninon oouno *mN Pi Po 
,niinN o’P’oi ,in .oon 71m Po mpn yinn P*ta ni moiP nP*mi niio 
moi 010 Pin pion 71m Pn mp yin oonn *mN ioyn nioAinnn 7Pnoi 

.nioAinnn 7Pnoi noPyi nP mp yin Po 

rr 

Po mpn yinn ,*tiPi *tnN 71A o»p nnyoi ionio ,pp o*tip u>n*i 
daw ii’Ni voiy .omn mi mPy Pyo nPo yax Pi ,yiip *inoi nnyon 
Pi ,ynp *inoi nnyon Po >PPin >npn yinn ,m*iyoi ooia >10 o’ ioni 
nnyoi mN 71A0 niyp Pii» >npn yinn .>m>n no mPy Pyi9 nPo yox 
nnyon Po mpn yinn Pi 700 iti mm Pin nnyon nniNi >10 71AP 

.ynp *inoi 

p>onPi i>n*inP ino pPi ,i>oiPnP ni’PPi i>n u*iN>no nioAinnn oaP nininn 
:o> 9 iA Po inoPi *1900 oaP ,mpn yinn Po *no>on pin nN 

*iovi o»nu>n niftii o>Pyin nP ni non nnyoi - >npn yinn *>io»o pin 
,o> 2 iin Pi Po mpn yinn Po >*nopnn oiion 

nN 1110m nnpp o>i ,>*nopn pin Nin >npn yinn *no>o pino *mrP non 
,’iipn yinn 0110 no»m >np yin Pi Po 1110m P*mn 
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yini - 14 paa 


-.nKiiooa mpn ymn mn>o pin hk non 
:( 14.6 *n>u) o>Kan oninmn jin *ya ooP ptn 
mi- poKin <inn non 
m2- non <pAn non 
vi- moAinnn nap a>n poKin <pAn imrno 
v 2 - nioAinnn *t>o non <pAn nnmo 
.ui- jnoAinnn nnKP *t>o poMin <pAn nnmn 
.C 2 - moAinnn nnKP *r>a non <pAn iimmo 

:(fniopii Km aiomn) Kin o>annn tnK Pa Po nipn ymn nro 
Api = A(mi-Vi) = mi-ui - mpvi 
Ap 2 = A(m 2 -v 2 ) = m 2 -u 2 - m 2 -v 2 

:Papi ,oaK Kin nipn yma >u>on 700 pvan 
AJi + Af$ 2 = [mi'Qi - mp^i] + [m 2 -u 2 - m 2 -v 2 ] = 0 

,nioAinnn nnK no pPm moAirmn nap nnK pPnP nKiionn jik nnai ok 

:>npn yinn mo’o pin Po »aion nionn jik Papi 

mi-vi + m 2 -v 2 = mi-ui + m 2 -u 2 ( 14 . 4 ) 

Pan o»pnnP A»n Kin mopn *nn>o pin Kin mpn yinn nin>o pino pvaa 

mnaia a>an 


( 14 . 5 ) 


nynP tto pko *raa Km >npn yinn *no>o pin Po nPnAn n>oyon nia>onn 
p»aon kPk ,o>ann pa nioAinnn *jPnoa o>Pyian mman Py omnan jik 
» n>o nK kisoP na nioAinnn nnKi naP o’ann nanyo Py PanonP 

.moAinnn PPAa o>aun Po ninnmon 

o>sm yy jivpamid nm* 14.5 

,o>aiA no pa mnoAinn >iaP >npn yum many pina onnonP Pmnio nap 
•inn nnK Paa nnoi >npn yinn .nioAinn Po rnw >no pa PnanP n>py 
nmiKn *na>o pin - no mn>o pina Kin nioAinnn nnw >no pa Pnann 
nap n>oi>pn nmiHn ok p>ooPh nioAinn nKnpi nioAinn .n>oi>pn 
nioAinn nKnpi nioAinn .nioAinnn nnK nmi>pn nnniKP nno nioAiimn 
nioAinnn iPnna maoj kP n>PPan n>oi>pn nmiKn ok jwjoPk-kP 

.npPna nnaiKi 




m 2 

14.6 ms 
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jam «ipmo - u paa 



mvpn nnaim - k mtnMin 

nnaiKP nnw niwA3«nn >3aP n>PPan 
.mwAAiinn an«P n>PPan n>03>pn 



iwn>pn wi3Nn - jiw^k-nV mwAjnn 
nnaiNno nPm nminnn naP n>PPan 
.mvAiann an«P mPPan n>d3>pn 


.n’oj’pn nnaiNno pPn main pa ji>ooPn-kp mwAinn Pv man nn« v» 
o>a>Y/ooi mP nr o’paai o>ann aw ia mpon ton anva aimpn naptan 
:n>w?Pa nwAinn mp3 nr mpo .nivAinnn anaP an’ yuP 

mwAinn - voiPnP mwoPN-Np mwAinn 
»3w na t \* ox }'} h - h '? mwAmn -iw>t?Pa 
.jmninnn an«P an> d’aanno d>ann 

14.7 avx 



>3>yaA ,o>aaia oaaion pi P*> niN’soa nwnano nnaoPnn nvwAinnn 
o>9U q’waadd ia ana ayo Paa .onnN omoioPN o>p>pPn in ,o>oiok 
nnaiNn p pPn aaiN a>on >a ,aia>p nm n>ooPNn mwonnn ,o’Pm 

.niminna n>oi>pn 


o>3iwn o>ap«no anN PaP snowman panan mpoao sin oaaP Pmsnw >jqV 
yisin aio>w pina o’wonwon o>Pnann PaP o>aniwon rmiapyn Py aioyi 

:>i3pn 

>upn V3nn *iio»\y pm mtya o’^nn pina nunpy 

KPw'napoa pa .naaynn Py d»3ix>n aims d’Pyia ONfi iinaP w> .1 
pina wnsiwnP asn» simninn pta naaynn Py o”3ix>n snnia d>Pyia 

.>iipn yinn am»w 

snnia PiyaP o»Pia» nanNi i>3aP >a snvAAiinn aPw jin pina snnrP w» .2 

,d» 3 is>n 

.sm/Ainnn >anN asnm rovAASinn >iaP axon jin oioawa aNjiP w> .3 

(p>ai Pan) Jinvnnon Pa ppia 

>a Py n»a»aaP in>ia»n»n» nnN Pa paaPi ,a>a>x jiaayo ainaP w> .4 

,d»a»an Jiaayo na»na 

PaP >npn ynin ain>v pin sm aniaP w> .nwpn Pan Kin >np yjsi .5 

aaasa a»aa 

pi>a wnjp iais yn ,ni»ai>na manaj niyia> NPn m»ia»non Pa .6 

.nNiiwon iian»aa nx> >jn»Nn pvan .»awaN 
,n»t) 3 >pn noaiNn ain»w pin dA d”pnm .iwjoPn mwAianm na>na .7 

_ paPpo Pan H>n n>Aa3H >a ,n>Aa3KP ann nttnwo dA ainaP w> 

Pw napon Nin ,ani’a oiwan napoa oaiaon pnn hn P’nni 
.D’ooPan mwAinnn N’n I’oiPnP n’ooPN-NPn mwAinnn 
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ymi opfi’n - 14 pna 



wa 5 m/sec immoa pnw 200 gr mono ra>3oo3a wd 

.nnunn xyom lOOg mono no ni>3oo3a 
?nmmnn nm<3 onmn no 3o namoon nnmnn ’no 


'jg*? i ■'inN 


on oomm :pwa 


mi-vi + m 2 -V 2 _ 0.2-5 + 0.1*0 _ m 

nij + m 2 = 0.2 + 0.1 “ i ' ii sec 

.nmmnn oa3 nyimn pirn jon namonn nnmon pirn 


mono w 3n *pn3 nno 400m/sec mrtmm 5gr mono y>3p 
.y>3pn mnm poa3 -pan pirn 2 m/sec nnona ym 5 kg 
?namonn oimmn >no .^yn 3m ypw y>3pn 


mw 


on oomin ,y»3pn nylm pirn mvnn pvan ok nnai :p*m»s 


:14.6 n jo won 

f, _ mr^i + m 2 <; ?2 _ 0.005*400 + 5-(-2) . m 
U ~ mi +m 2 K 0.005 + 5 13 sec 

oa3 '{yn 3n 3o nyimn pom ton namonn nnmon pm 
.y»3pn nyim pma mmn pirn mnn >a .rooAjnnn 


nrnmon ,m inooo nmt moo mo 3o nonioon nnmon mo vi mxn 
nnm noom v nnmnn nnm nntfno *inK3 ,nmy>n nwwonn 

?mo;onnn oa3 nnnnn 


p*mm 


nwjinnn oa3 nnmnn n>ynn nm namonn nnmon 
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yjffl *)pii>» - 19 jna 


n>oo7an nirnmnn rfwAmnn oat; oow ooivaa o>yj o>aun ov *wnd 
> npn ymn mow pin .w>!w pi>aa o’yi on nwAinnn nnni ,n>n^>o nmn 
,p^ ,ksoj .mopii mow pin into pvao ,*naJi a>an aaa o”pno 
nimnon dn awm onmyai , nan won nimnon >a>a*i hk niniwono 

.nmpwn nanwon 

(14.7) 


fi’ns’o Nb n’ooba nwaiiina o’b>A*in )nna jrnnpy 

.mat; nimnon >a>an >nm nN p-iabi ,o>ms nanyn mna* v» .1 
y»ai> ,n»-inK in nwAinnn >iab on ya ,yrr> n> mmno a»a-i .2 
nimnon a>amy n>nn nNiwon inn>ao nNSinn on ,>ai>na nNiwoa 
.>ai>nn pvaa nnaw iivay *pan im>a >*m ,>y>bw 
nanwon nimnon an niso 7 na nwAinnn oa* oom^n to o>p>at?o .3 
.ms *aa ,tnN o 1 »yia nnN nNiwo vw jmao .nwAinnn in«l 7 



lias life* am )ii>ao noiift y»Ao 400 kg mom; aa*i 
ow aana nwtPa nwAinn mmoi ,90 km/hr nimnoa 
80 km/hr tw nimnoa noiiO toaw 600 kg woov 
few tw nan won nimnon »no .nmot; aiyoo 

.aife ?o>aa*in 


•no*w 



v 14.11 ivs ’^p; 

) 13 U )imaa Y )ii>a nm anyo mm )ii»aa x ms jih nnaa 

: on ooiion .om- 

vix = 0 ; viv = 90 km/hr = 25 m/sec 
v 2 x = 80 km/hr = 22.22 m/sec ; V 2 y = 0 
mi = 400 kg ; m 2 = 600 kg ' 

:tap3 X-n ms nNiwoo 

?, mi • vjx + m 2 -V2x 400-0 + 600*25 m 



:im>a 










yim «|pn»o - 14 pm> 



>100 ji>oo39 nwnnn 3y i>v3y 33nto 
o>ioo noiio ni>3oo39 3133 3793 .row 
.DQijn^ pi33i 390 iron .n9^nn 3 k 
m 3 )>3 nwiMiro nipn ymn novi oko 
?n9^nm m>3oo39n 


14 12 " n ' ,s :jnmy >iw3 nn nwnnnn 3y 33non3 in>i 

ymn p3i yiKn >3> 3y oiy’fi ni3 i>3y 3y9v nn ,3333 ivtDii 3y 33nto ok 

.(t?9NP mop inrwua) novi h \7 i3v >npn 
yinni o”3iy>n mm3 )>k *** ,nnK rcnyos ^Kn 3yi nron 3y 33nto ok 
313’p3) J1>91t73>K K’D 'pKil 3133 J100Y7 11V30 33K ,30V>n3 3»n >11pn 

.t?9K3 nmi o>9nn >3v 3v nan won onn>no (310 


ijwov ^y vii 3y mMK 39W 200gr inoow 031*70039 1113 :neiu 
>no ,v3k pi3ii ,4 m/sec 3v nvwion n>p9iK yin l.8kg 
f|Pio©33i imi ^yn vu 3v nonwon onn’no 



4 m/sec 





»*■. 


14-13 H’X ' , 39‘?»PlTN 

k3 ,Y-n 3»*3 >d ,333o x-n >313 ymn mow pira vonvi 
,t»9K mnn K>n nnnKt? .nwiinnn >193 ni3>non nn>n no nwo 

.^3Kn 3133 3V Jl»91C0>Kn WOO 3313 
v ix =4 m/sec ; v 2 x = 0 :on O'lWin 

mi = 200 gr = 0.2 kg ; m 2 = 1.8 kg 


:im»o 


0 - m l link + m 2‘^2X _ 

x mi + m 2 


0.2-4 + 1.8-0 
0.2 + 1.8 


= 0.4 


n VII nyiW 111733 0.4 m/sec K’n Jl9nwon OllWlD 


10 p3n 33iK ,ji>oo3k-k3 nwnnn 333 103 ,n>oo39 nwnnn iotn 
n>9ion n>oi>pn n’lmnn i>3 V39nn Kin 3iiKn p3nn ,n>oi>pn mniKn 
:o>9im >w 3v ni’oi>pn nnmiKn 0130 K>nv ,n>n3nnnn n>oi>pn mmiKni 



(14.8) 


7nn ,n»oo39 nwnnn *y3no3 n>oi>pn mniKn pun hk h 3 kho it nKiwo 
JlW13Jin3 Ol ,p3 ,33133 K>ni ,733pO 3311 K>n n»133K »3 Jl’33pt7 nKiwo 

.ji’ny’o m>Kv nwi3nn3 on n>nu>o 
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ymi «ipfl>o - 14 paa 



,n>©i?>to ntoioa nKapjn o>yPp tw yp mama nanaa no>w # :nom 
y>apn jiaaaa nKsina .^y aia -pna y>ap oni’ ia pn>a N>n 
mama ay o>p>oa nayv naun pi ,naya >aaa ^yn aia naiy 


14.14 ars 

nuaiKna pan tun .'{yn aiaa y>apn wuna nw iwNin pana 
pann jikv *ra ,(nn>t?aa jwmnn aaa laa) oma *raini naaan 
BBliiiiKl >iipn yinn aia>w pin narya nwyi finnan aw ]iwm 
aannw ,*iup *p aa Kin ^yn aia aK y»apn aw noaan prv n»a 
aiam nia ayia Kaw -p .nnuaa y>ia y>apnw ay *piKa aKwi 

.iimjjinn itoioa >paik 
niaman im poi .»pawn )ii»aa >npn yjnn aia>w pina varna 
:U a ,y>apn noaa anny a>a ,y>apm/pm aia aw naniwan 
m-v = (m + M) -U 


naawi p ,h nana 'pm aia oaiana ia *pannn aw awn pana 
ypoan nmnna n>oi»p minina naain Km .iiaaan miaiKn 
wanwi nt pana pa .ypoan H>wa nnaia n>PKPibia nnaiHy 

:naaan nuainn aia»w pina 

i-(m+M)*U 2 = (m + M)-g-h 

li 

U = <J2 • g • h 

:»npn yum aia>w pina uaa>pw v-y nniiwaa am 

_ HI + M rz ~ , 


* :k>d naiwnn mpoan 

wanwna o>a»n mwAinn yanaa nmi>p nnaiN maiKw pvao 

niamoi niwAinnn >iaa mama i>a awpn immaa ,»npn yinn aia>w nnoua 

.nuaiNn aia>w pina Kyi jiiwAjnnn anna 
aw pana >npn yinn aio>w pina aaiwo wio>w w> na naan ay aanoi 
.nyiinn /w anK pana naaan nnaiNn aia’w pirn ,nvann 
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yim - 14 pio 


moolK k! imnmn 14 . 5.2 
K’fi ,nioA 3 imn nnK *rn> o> 3>3 o>aun >30 m ,mool 9 n nmmnn ,*iioki 
. n>o3>pn n>vi 3 Kn yo pm 711K ra moolK k! nivalin lo >0*19 mpo 
n>soii 93 >Kn npnoo Kl ,nminnn inKl 7-1931 o>y 3 o> 9 nn >30 ivki 
nnK nvnmon nnK ly m n> 207 i 93 ’K mml ni»ni nminnn >391 

.noon nnmon ok ki^o! n>n> poo m moi 3 nnn 
,14.4 nKiwo ,mpn ysnn 7io>o pin K>n oononl po ni nt>n>n nKiioon 
.n>ns>o n3>K niownnn ok 14.5 okiiooi ,n>ns>o K>n nioi3nnn ok 
nnvoKn 0110 )n oi9nn Kin ,moi3nnn *rlnoi n>o3>pn n>vi3Kn ytiiK 
:nio*3nnn nnK m>vo>pn nmiwri 01101 nmmnn >391 m>o3>pn 

(14.9) 



-k! nwunn -yinoi n>o3>pn n>vi3Kn puK jik niKno it okiioo 
, pl ,03113 K>m ,nlpo l7ii K>n noi3K >1 nnlpo okiioo >nn .n’oolK 

.n>nu>o n3’Ko mojonnl 011 n>n^>o nwimnl 01 



,2kg WOOO ^3> llll 30 m/sec nmwi 0313 5 gr 1HOOO v>lp nnivr 
JIJ .100 m/sec immoi oon vnso ifo 
loon 3»>lpn ok>u> nnKl ,^yn 111 lo rm>non >no .k 
? n>o3>pn n>i73Kn )7iiK mo .1 


v 2 =100 m/sec 


!||=300 m/sec v 2 =0 


mi = 0.005kg ; m 2 = 2 kg 
Vi = 300 m/sec ; v 2 = 0 ; Ui 


on ooinm 


:lip3i 14.4 nK 11001 i>i3 ,n>nn>o moiinnno pno 

mrvi + m2-v 2 = mrui + m 2 -ti 2 


14.9 OKIWOl 00003 
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yam 7pn>» - ia pio 


71N’3>3 71733 3>A131 ID m/sec J117V103 VI p3 77N>3’3 1173 : ’3 n»A17 
imvn min yi nmjnnno nNSW3 .nni303 Numn ,imv 
iron 3v mpon nyunn }ii>33 37° rinim 8 m/sec jin>no3 
?jnvA3nnn >inN p3n min im>no >no . p3n 


10 m/sec 


8 m/sec 

I 37° 

4 - 

J "-<fi 

my •‘iiw 

14.16 irs 


Y 

4 




> 31 >nn 111>3n i1H1h33 .71333 3>31 333 ,14.5 flN1W03 WMW3 
.n3yo >933 Y-n i>s 3v > 3 i>nn }ii>3n uni ,n3>«> X-n i>y 3v 

:on o’Ainin 

Vix = 10 m/sec ; v 2X = 0 ; v n = 0 ; v 2Y = 0 

uix= ? ; u 2 x = 8 -cos(37°) ; uiy = ? ; u 2 y = 8-sin(37°) 

:N>nX ni>y jiniwo 

mr^ix + m2^2x 1 mi-3i X + m 2 -3 2 x 


* _ + m 2 *^2x ~ m 2 -u 2 x 

Qix ------ 


mi 

m-10 + m - 0 - m -8 -cos(37°) _ . ' m 

m ~ * 1 sec 


:N>n Y-n i>y imiwo 


mi-viy + m 2 -v 2 y = mi -U| Y + m 2 *u 2 


:Xnm> 


~ m 1 * V1Y + m2 • V2Y 1X12 • U2Y 

m r 

_ m-0 + m-0 - m-8-sin(37°) 


m 


-4.81 


m^ 

sec 



u ix 


§§§ 3>37 3V 111>3DW HKl (-)-n niyOVB 
jjj|iii>33 11911 p3n min 3v Y-n 
|§| il .170© >933 J 11 G 1 N J1N7 ,>31>n3 17133V 

„ :Nin mi’non 3 ha 


ill 


Vuix + Uxy = V3.612 + (-4.81)2 = 6.02 ^ 




= Uiy _ 4 81 = 33 g - _ 53 o 

Uix 3.61 


.>3i>nn X-n i>y3 nnno 53° 
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yjm ~ 14 pna 


* flWObK nwAinn 14.5.3 

numKn mows nabnonio o>au >w yn nwAinn ba K>n moobK nwAinn 
:Kin nwiijiro n>m>pn n>A*OKn mow pin .rmyon b\y mbban nwa>pn 

(14.10) 

nwAMinn ok 14.4 okiwo) >npn ymn mow pin oy *rn> ,n okiwo 
rtK^ob np>aoo ,(nmi>o Kb nwimnn ok 14.5 okiwoi .mni’O 

.nwAinnn nnK o’aun >w bv nvimnon 
now nvrwQK >jw vk ’Kimi ,ji>yun okiwo Km 14.10 hkiwo ,biK 
yin mowb nvmnv n*niyi nmyi mwn ...o>aiAno inK ba by mmnob 
mbKpw’a nvaK Kbn mpoa oa no”pno rnmipn nomKn mowbi nip 
bv mmnon o»n .nt *p*r nt onniy o’aon >w ia (nwonn nvan biK) 

: hwamioo nab mmnob mw nwAinnn nnK o>auno *tnK ba 
vi = ui ; v 2 = u 2 

pnvo nmya .po mny>o nwAinn K»n o>ann >w yn nwAinnn *wKa 
okiwo ,-im> nowa nKiwob 14.10 nKiwo oipoa yunb piKntma 

.pbioo >wn innanv ia ,niWK*i nbyoo 
:mw mm (14.4 okiwo) >npn ymn mow pin jik nnai 
mr(vi - ui) = m 2 *(u 2 - v 2) 

*inKb) mw mm (14.10 okiwo) ,mm>pn nomKn now pm hk nnai 

:(l/2-n oiuoy 

2 2 2 2 
• mr (vi - ui) = m 2 - (u 2 - v 2 ) 

a 2 - b 2 = (a + b) • (a - b) :moonon mma voiwi 

mr(vi - ui) - (vi + m) = m 2 -(u 2 - v 2 )- (v 2 + u 2 ) 

UK ososi iaai) mpn ymb >iona nwvpn numKb nonn jik pbm ok 
vi + ui = v 2 + u 2 :bapi (>wn innan 

:nKiwon hk limb Aim na mm ik 

v 2 - vj = -(u 2 - Ui) (14.11) 

o’Kno ,nwn>n mmnon imm bv inan ,i4.n nntmn mbanom 

:mpoob 

»jab o>aiAn yz nwnm mmnon ,n>ns»o nnwbK mvAinna 
omi>a mornn mmnob ,nni>aa naiam nbina mw .nwAiimn 
.nwAinnn nnK 
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yjm <lpm» - 14 p*>0 


mwuiw iwonoi 4* m/sec im>nm yi 0.5 kg woov im 
2 m/sec wmmoi 0.6 kg uiooo »iv npao n»ny>o ji>ooPh 
?mwannn nnK oanno inn *> mmno >no .oon pirn 


:noin 




Vi = 4 m/sec ; v 2 = -2 m/sec :on OOimn 

mi 5 0.5 kg ; m 2 = 0.6 kg 

:h>d oipn ymn mo’o jikiwo 
mi-vi + m 2 -v 2 = mi’Ui + m 2 -u 2 
0.5 - 4 + 0.6 • (— 2) = 0.5 * u i + 0.6 *u 2 
(1) 0.8 = 0.5-Uj + 0.6-u 2 


v 2 - v, = -(u 2 - u t ) 

(2) - 2 - 4 = -(u 2 -u,) 

:ki»oj o’otoon ova mKiwon »iwo 
Ui = -2.55 m/sec ; u 2 = 3.45 m/sec 
.ooiva iaPnn onnan w omn oniK >nonn pvan im«io 

4m/sec 2m/sec 2.55 m/sec 3.45 m/sec 


mm 


14.17 W 


.mw moon >nv n inro nnpo ^anoi 


mmmn moAinoi v 2 ~i vi nvn>noa myi (mi = m 2 = m) mw moo >no 

.mna>o n>oo5K 

vi + v 2 = ui + u 2 :n*nyn hk jpapo >npn ymn mo»\y pin jikuy/o 

ui - vi = -(u 2 - v 2 ) :K»n n’oi’pn n>i*OKn *no>o rmiioo 

u 2 = vi ; Ui = v 2 :Kin mKiioon ’no jrwa 

.p^o norpnon im po>a ma’!7no moon >no 


noon nrpno hk ^npn K>n moimnn oa!7 nnoon nmn moono nnK ok 
. noipoa nyy’n nyAian nooni .mwonnn oal7 nyAian 



nnum n'jwii mu omen imm men tkd vn ipud’in muujnni :14.18 tps 
muujnnn ’J37 njKDNin nn^nn jin itopn nutum nnNn msiu 
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yim «jpj>»o - 14 pia 


Po nnoim jin ooaP imo9 N i>n mnso ni’N joooPno miwonnn *ionp 
o\y f|ua vaiq nyum n mpon Py Pdjioj .moi’pn n>mn mo’o 
.moAinnn mNP ntiw m>ura o>yi o><mn >10 .nnnoi nsom 



wnm >iipn yjnn mo>o pin .mooPN momma o>o»pJio mo>o >pin oo 

.moi’pn n’viANnn mo>o pirn ,n»n’D*in 
:X-n mom >noN*in nyimn pirn mm mpn wun *no>o pin Jimjip ooP 

:Kin X *i»ua >npn ymn no>v pin 

mi-vi = mi *ui'cos(^x) + m 2 - U2'COs(02) 

0 = mi*ui*sin( 0 i) - m 2 -u 2 -sin( 02 ) :Hin Y TSi >npn ymn mo>o pin 

i-mi-vi = i-mi-ui + ^-m 2 'U2 :Nin Ji>ovpn nuniNn mo>o pm 

nnn jin o>m» inP .ui,u 2 , 0 i ,02 rmNiwon 01P00 o’aPyi nymN v> 
.niNiwan jin iijidP ino tdii mwonnn mNP m>mno 

nyi non yi .iriN’Jio jim^’o NPn mooPNn moAinnn Po i’iyo >0*19 mpa 
>iipn yijm *no>o pin jin iijidi .juio moon mo iond Nin ,Jin>o nooi 
omiom oy *pjionP nP hp) nomn imm nPi ,Jiniopnn m*im 

:m oiyoy mnP .(o>>*iooonno 

Vi = Ui + S2 

:m/2 oiyoy mNP ,jin>i>pn noniNn *no>v pm jin pijdji 

2 2 2 

Vj = U t + U2 

>mN uvrvnon Po mopiin oipon N>n mnPnjinn jinmono jiioin uni- 
>mN nvnmon p-mp *iopno nP*mi (>npn yinn no>o pinn) moAinnn 
n>A*ONn *110 >0 pino) o*iiaji >9 0900 jin nnovon mm moiiJinn 
N>n moiiJinn nnN nvnmon mum on p*i o»pno *io*rn ,(moi>pn 

.90° 

nyi JinNn Jimt moo >jio y>* Ji>ns>o nP jwjoPn momma 
- nnuoa mjoni 

90 ° t»oji N>n moujinn ionP moon pa minn 
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yjm «ipmo - 14 paa 


)>jm nwanaiin 14.6 

o’pbn aaoob pa 9 no ,iama >009 -pbnno nKmna ,<pA ona o>apo o>o”p 
ik nnum mmb bia> <pAn ,nmi 9 nn o’Kaip uwn nr *r>bnnb .0010 

.nmmnnn yAaa nyuna 

’bban mpn yinn aoo3 ,>o>39 *pbnn kid nmiannb oann ‘y’bnnni anno 
’iipn yinn rK nmrannn >39b nnnoa nm <pAn ok) .nmi 9 nnn *ybnoa 

(.manKb da 09 K aKo> ’bban 
pm nn m-a woo oki v-a nmi 9 nnn 09 b <|nn mamo jik pt ?3 ok 
:kw (inoba mmi bia’ onaun o’pbnn a 90 o) ’iipn yinn aio’o 
m • v = mi-Ui + m 2 -u 2 + m 3 -U 3 + . . . 

:m noon po onsun o’pbnn Pva moon p mi,m 2 ,m 3 .. moon aoKa 
m = mi + m 2 + m 3 + . . . 

nmi 9 nn ba paiopn aio’o pm Km >iipn yinn bo aio’on pino pvao 
nam oio’o na»no ,ao’ ip ihik by o’yi o 3 ’K na onaon o’pbnno 

.pinn bo ma’aan 

,aaba o’pbn oob pbm <pA aoKa K>n nmi 9 im bo ani’a oio 9 n napon 
onano Kim anKo yna Kap 3 nr napo .<pAn bo mpon mynn ip by o’yin 

U 2 *- 


"*► Ui 


.naiao y’bp n»a> pra 


.'riijn Mann mn’uin hnsitid mins bj mian ,mnn mu irbp niuN3 :14.20 ii's 

,>a>n ’ 39 b o 9 Kb mw ’iipn ymn ,i3”n ,’am pra nnooa naian aoKa 
:>a>n >anK ni’iawon ’no pa aopb 0109 no»a bapno 
0 = mi*uj + m 2 -u 2 _ 

u 2 = *ui (14.12) 


,py’ 9 a moo o’pbnn >30 bo m>ia>non pa aopn ok naKno ir nKiioo 
.^ia»9n >39b 09K nmn <pAn mamo aoKa ,nmi9nnn anKb 

mooo naiao 800 m/sec bo mamoa naw 12 gr inooo ana :’k noAvr 
' ?naian bo ynan mamo mo .3.2 kg 


■ si Mt -»■••• 1 nmM 

: ' , -iv' 


Ui = 800 m/sec ; mi = 0.012 kg ; m 2 ~ 3.2 kg 

U2 = = ~°-tt m 3 1- 


:on oomin :pan»a 


.3 m/set mamoa nawK y3 naian 
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yim «ipn»» - 14 p*ia 


mun nPyo ^ato p*wi 2 kg moov 
Pv nwnm n^ya >aPa yi 1kg mt?m> *thK ppn .d’ptm 
>no .5m/sec jin>nm ru>n> yj 0.5 kg monw >iw p'y n ,3m/sec 

?>v>Pvn pPnn nnmo 


mm wom»3 *iw>03 o’yin o’pPn mm> mmnannnw iivao 

.nipn yinn no’w pm Pv n>i’D*m 
>aPa }iivjn mo x-n ms Pv >aimn pvaa ni»o» pvan hk *mai 

.Y-n ms 'ro mmn pvaa nPyo 


I 


if 

It. 


13 m/sec 


->X 


5 m/sec 

-► l 


14.21 TPS 


m = 2kg ; m t = 1kg ; m 2 = 0.5kg :«i d>)W)n 

v = 0 : Ujx = 0 ; utY = 3 m/sec ; U2x = 5 m/sec ; U2Y = 0 

:% :K>n »v»Pwn pPnn noo 

m3 = m-mi- m 2 = 2-1- 0.5 = 0.5 kg 


m -$ x = mi -Six + m 2 *82x ®Pipt#|l 

m *vy = iriffl||l+ m2‘®2Y t m 3‘U3Y 

* _ m*7 x - iii*8ix r m 2 *^ 2 x 

U3X _ . — ; 

2*0 - 1*0 - 0.5-5 


:\n niKiwon 

:oPym jin rmi 


Qsx - 


■iilSPBe! 


. 0.5 

- ni'VY - mi -Uiv - m2‘U2Y 


U3Y 


«3Y 


m 3 

2-0 - 1-3 - 0.5-0 



= -2 m/sec 


m> Pv mmn pvan mma >a Py 
yi nv’Pvn pPrm ,o>msn 
2 m/sec .dn»W Ptf »P>Pvn 


non jmmon P*m 


U = Vu3X + U3Y = v /(-5)2 + (-2)2 =5.39 


m 

sec 


UPwi 


U3Y = “2 

1-21.8° 


= 0.4 


:Hift nirmm jWSr 


: imxn 


:inn>a 
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yim «lpmo - 14 poo 


mwAinn Pw n*ipo !7 *p9n n*ipo Pyo nmiann Pw *pPnn Py PononP ino 
* 19 wo mooPo mwAinnoi o>pPn nooP *j9in *mK pPn nmi9nno .mooP9 
.morpn n>A*OKn Pw *iio>w )>k d’O’Pnnn own .*rnKP o>09in o»pPn 
100 pnwPo moo9 nomK no>9n >*t> Py nP*n movpn nomKn nmi9nnn 
19 *Ti9nn -pPnnn wnino mooPo mwJOJinm ,moi>p noniKP ,PwoP oin 
jiKonnn mriN moo9 mviiKPi oini nno>3n n> py mop moppn nomKn 

.<inn Pw mi^n m’wn 

* roii\yo noo oj> nyun 14.7 

livoow pnP mwn .muwo nPw noonw jionyon wnition dk vwoy nmi 
noow nonyoP K>n iko muon ,*iowiw Ptn Kin noon moKPpn np’o>oow 
nom .nnnono noo Pw nooo ik nK>*> pnwn Py ,moo hksi> ik noim 
jikPojioi owao nyoun nmn9 ji>kwo Pw nnyun K>n noo >w>w oy nyonP 
o’on jiKn> nnwo nyoon o>o mPo>o ,i>9iP’nP ik ,ny»oi no *jiji cpon 

.ny>oi no *tih moo o>kuv o>om nwi9 

A m 

> 0 :>m>n Kin noon m»w nsp nooyoP noioi noo owko 

A m 

< 0 :>P’Pw Kin noon m’w nsp nooyon 10 hkhv noo *iwko 


miK Py n»PK noopno Am mop nooi v m*i>non nyin m noo Py Ponoi 
mmnon *m> myi moon mwunnn nnKi 3 > v -w noi .3 m*i>noo ipn 

,v + A7 

3 v v+Av 

—► —► —► 


Am 



.Am non pPn nsDinn dnsud njjiwn qna otu m iron :14.22 irs 


?ex ownn mon nn ,o> 9 un ow jik nPPioo nooyon ok onmo iiniK ok 

:>PPon mpn ymn >u>wP o*mn Kin 



Ap 

At 


.m + Am nynpn noon Pw >PPon mpn yinn Kin p *iwko 
5i = M-v + Am-u :Kin ,irP it- moon m9*io*n 09 P >npn yinn 

:Kin itP it moon ni9*iosn onKp »PPon mpn ymn 
P 2 = (m + Am) • (v + Av) 
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fffh - 14 paa 


:Kin mpn yma >w>on 

Ap = (m + Am) • (v + Av) - M• v - Am-u = m • Av - (u - v) -Am 
(aKn pp Kino pvan Av-Am aa>Kn jik uPo’a aio’nn Po panKn aPoa) 
? re i = u - v :monn i>a n>on>n ma>nnn Kin u - 7 no>ano iivan 

Af> = m-A7 - Vrei-Am :nKan nam ana»nP Pia» no’an 

:pp ,Kin ms>nn man 



(14.13) 


Mfiratt 


kPP >paiK o>aa Py nyj 5,000 kg niroow nmnai npn n>Kon vh noxn 
;nno Pa 5 kg Po aspa non >aPa maiK *ni> aaa oox .*ria>n 
nyiap nia’nn Py ainon nmonno na P>yanP -paso man inn 



aiKn a>aaao poan nynnn Po >paiKn a 


33 :x» 

pa pnyro wdk 
yi*i#Wto»o >kP nnawir ms% nia nPyan n> Py 'pKn nPyio 
.n>Konn Po man aioma on>myn wiiki ,nt a>aa mpn 
}li>aa nwnn a>aa iP vk .non n'aiK tiv owmi poan 
>a anoi kP mpn yinn >paiKn ann oxo aiaa ,pP .'pawn 

.nyiap mamnni nPax noon 
•K>n n>on>n nia’nnn pPi u = 0 non ma>o’ aav ooxno pvan 
$ rel = 0 - ? = -v 

Am .. 1111 


EX 


At 


:Kin yiap mpn yinn Py anion man 


(Av = 0 ma>nna m>o i>ko pvan Poann non aamn) 
= 5 l! : * = 72 km/hr = 20 ^ 


:on onimn 


* Am - 
p = At ' v 


5-20 = 100 N 


:)Kam 


:pan>a 


Po niamnai nno Pa lOOgr Po aypa nainn onx tioPia nopa : >a naxn 
?nopan Py Pyion ^ntn nia inn .nopaP n>on> 4000 m/sec 

jimonP *nxna ,nopano iivan ms>n nia nopan Py Pyia KP :^iaji»a 
ma Kino nn*mn oy -pa>na jiatyi kP .nnaipn nnxnao 
F E x=o :oapnnP na ,nimn 

: Kin ,nopan mmtnP oaixn ,<inan ma 

F = m = 3f*^ei = (-0.1) • (-4000) = 400 N 
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*sw 14 pi« 


14.8 


pin 3y PmonP po ,o>qia 3w imiyoi poiy >iipn vinn no>w pirn ioko 
3w 3>y> ikoi win wn>93 nii3 roimn ,nm^ mnK mm >npn ymn no>w 

.pinn 

.C.M. -3 101001 noon 010 Kipin win awio 73 ow3 inw 
33 dn ju»<mon onion mipj kwq) >13 isww awio Kin noon *3io 
onw jowkio on>pmo 3i3pw >i> 3y ,Ji3iyo3 o>333in o><mn ruiip 

.onmiooi 

impjo on>pmo ok ihm m 2 -fmi o*m ow 3y n3>nni tonoi ok 
nupj nniKO x c .M. noon 1-310 pmo . x 2 -i xi-3 11 'imnw o>i>2i jowki 

M’Xc.m. = nii'Xi + m 2 *x 2 

_ mi-X! + m 2 *x 2 
xc.m.-m- 

M = mi + m 2 


173 vnio Ji>nnnw on>2J ji’wki 

:ik 

:nioon 0130 Kin M iwk 3 


i 



.irau’m 3m norm rnn :-h14.23 ivs 

V^iobn 3 inn .own 3 w o>oip>on 3 w ysioo i>yo Kin noon T 3 io 
ijii> n 3 m noo 33 pw 3 00 m iiniK >3 ,o>kjio u>k x A v=(xi + x 2 )/2 
33 low 33 piwo ysioo p 3 Kin noon 010 .noon 1-310 3 y ini> nv>awo 3 

.moo >q 3 y 333iwo 71A oip>o 
ii»n OKI o>i>sn jowki m>n 33 n>i 3 ji m>K noon 1-310 rmpiw im 
:nK 3 inn nn>n ,n 3 Kow x 0 pnioo ioka ,nniK onmn 
M-xc.m.’ = mrxi’ + m 2 -x 2 ’ = mr(xo + xi) + m 2 -(x 0 + x 2 ) 

M-xc.m.’ = M-xo + mi-Xi + m 2 -x 2 = M-xo + M‘X C .m. 
xc.m.’ = xc.m. + xo 

noon 1-310 nupi oip>ow 73 x 0 -3 3 i> noon 1-310 nupi 3 w pmon oai 

.mown k 3 
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5 «in *)pn>» - 14 jnar 


.ono’p npnon ipn Py jinuoj noon mo jnipi rn o>aw no p*i o’ *ionp 
P o mPPan n*mnn ,*rnK *w» ip Py nnpnp nPi ,o»au ooo *ini’ w> ionp 

:K>n ’noPp on»s ii’onpP on’p ,noon 0*10 mipj 


M-fc.M. = mi-ri + m2*?2 + m 3 -r 3 + . . . 


:’PPp )aiNP in 



Mrt c< 

(14.14) 


M = Smi 


:moon oipo N’n M noon ponp 


nopnp mpn yjnn *no’o pin myooo jin 1 ’pnP ’*tp 14.14 nnnoop oonoi 

.noon opoP 

N’n o»n ,noon tp*io oip’op ni’on K>n , (v c .m.) noon oio nii’no 

:o’ann Po m>n>non Po PPpioon yuioon 


vc.m. 


SmiVi 

M 


(14.15) 


mo mp’on jin o’vrnP np ,n*inN nim ,wPp’po noon jin puipi 


p = M‘V C .m. = Smj-Vj = mj-V! + m2*V2 + . . . 


:noon 



(14.16) 


:N>n mpoon 

>ji>o*t <111 Po mpn yjnP nno p nppyon Po >npn yinn Pp *yo 
nwnop yjn ,M = Em* down Pp Po moon oipo N»n wiooo 
vc.m. noon tpno Po 


)ji’i Jipnvon jin o’p’pnon o’ann jrn’noi noon o*io nmno pp *iopn ya 

yijin ’W’o pup Nin iippyon Py Pya’o f e o’oiu’nn jnnipn Pi poo p’ onP 

.jippyon Po ’PPpn 



(14.17) 


nPo noon tppo Jiywno o’an iippyo Pv HN’nn oio’aP nonw n nnnoo 

.nun’ 
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yjm »)pmn -14 pna 



no nyun xm *mi>a naion noxrm 
o’o’tnn Dy .wyon iDnoD ^lotion 
onn o»oo9 mnn o’Dyn oown 
yi ono TDK Ddi ,>(W9no hn^im 
mnnm idkq ddn . 1 D 00 DiDooa 
ono nyon o»ood ninn on nDNn 
DiDoon nD’ooo avn niiioo nD noon 


n’iNi Ksrmn rag tujkd :i4.24 it's’ .’Upon 

.ipnpnn ininjju -puinn norm imn 


nipoon jin p’03 ,o>9U ronyoD *wpnn poio Do poNnn pinn wonwj on 
nDo >DDnn >npn yinn tN ,rcnyon Dy own mn Dyi9 nD ono nmonn 

.nyinp noon ono im>no pDi ynp 

Fe = 0 => Vc.m. = constant 


ww o>9U jnnyo Dy Dylan o>ownn ninnn Dipo on 
. nyinp jvinoj noon ono nwno ,odnD 


.120 kg nnoov nmo Do ninxn nspn nsoi 80kg wiooo o*m :’n noin 
<linn p 6 m imuoi n> nt 4 m nn>on *pw 
?nn>on Do oon nupD y>A> noND ,<pnn )o o*tNn pnno n»n> no 

Dn on»w id ooD .nnnyon Do noon ono oip>o jin aona :pnn»o 

.nonoa mono nnoo Da iD»nd nn»on 
<}inD on>a ,nywnn nD’hJia nn>om otNn Do noon ono oip>o '; 

: ; :Nin ,DooD 

mi *X| + ni2-X2 80-10 + 120-8 „ _ 

XC M “ mi + m 2 = 80 + 120 = 8 8 m 

Dy o>own mnia o>Dyio nDo pvao 
noon ono nNO’ ,otN-nn»o iPnyon ■ 

nvimn ‘fDnon vnp A ;;: :: -1.^ 
noND own p> omn pnno jin p»oi on 6 m 4 m 

oip»o oniioo nn ,d-a oon nypD yun 

:N>n noon ono 

_ 80-d + 120- (d +2) „ „ 

*c.M. - - 80 + 120 3—IS ~ 8 • 8 m 



'N 


d = 7.6 m 


:}NDOl 



'2 


Dy o*rNn Do nyunn nnnD ma>on DDd i»n 7 . 6 m 

y>>n noND <iinn p ipnno ny>apD nn’on n-ron nspi mu n : 14.25 -ms 

JIN nnro ^JUin n2i|7 , 7 na^nn a 


nonn Tinn 
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yjm *iJwb - 14 jrw 



6 m rmiiw npnp X> minHn nsp 9 -row 80 kg mooo o*tk 
ymno o*tKn .4 m/sec 'jv nynp nnmon nym 40 kg nnooi 
.n^o ’ornpn nypp *ry nonpp room 2 m/sec 'ro immon ro^P 
?crmn JoPn iPnoa roinpn proinn mo .k 
T inaPn T^nm o*TKn pnynn mo y 
?o*mn roPn iPnon noon oio 'jv pnynn mo .x 


anmn 


nmt> p*i k^k tronsm iwra fpnyon !?y oPyi9 vfru poo 
noon ono imoo ,roinpm oiKn pi -prono nKsiiiD o”oo9 

.nyop *iKomy ra»n 

o*TKn nyon nnxi ,po ,09P ,yiKP ono noon o*io immo 

.4 m/sec p!) K>n 

o*mn ro>on rPmn *mK^ ^*inP ono noinpn rorono ok poi 
,v 2 -3 ono o*mn nnmo uni vi-a 
v 2 = Vi + 2 :Kin onoo *wpn 

: Km rompm mnn ftimmoi noon o*io nnmo i»n nopn 

_ mi-Vi + m 2 *v 2 

V C.M. ~ -- 1 -- 


lliip 


80-Vi + 40-(vi -*• 2) 

80 + 40 

s IP ' ‘ 

vi = 3.33 m/sec :p> Km roinpn nnmo 

v 2 — vi + 2 = 5.33m/sec :K»n o*TKn nnmo 

J.v,... . •; ... ; . '■ '.P , ' "P .. 

.rompm o*TKn \y roonm nyunn >9 Py ynpi nyunn pi 
Inn *iost> o*TKn ^yo pmom 2 m/sec K»n roonm nnmon 

:pi> -6m 

Ax = v-At => At = —- = | = 3 sec 


:Kin roinpn pnyn 
:Kin o*mn pnyn 
:Kin noon o*io pnyn 


auHDn m nonn imo Jirran .jpjnfft irait’ 2 m/s«c jrromi iu dto : 14.26 irs 
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yam npmo - 14 pna 


J = F-At 

5 = m-v 
F-At = A(m-?) 


P = 


lim 

A t —> 0 


Ap 

At 


pnan oiyo 


- 

- >iip yan 

- mpn yann >aa>oa mio 'ipmon 


-<pa 'rv mpn yann na>o asp Nin ma 


aooa d»ara>n mma d>ayia n'y na a>9tt nanyoa - mpn yann mn>o pin 

o>ann aa Vo mpn yann Vo >mopiin oiaon 

mi-vj + m 2 -v 2 = mi-ui + m 2 -u 2 

manana mw moaannn >aaV n>VVan nnaa’pn nnnaNn - mooVN moaann 

.nrnannn anna mVVan n>oa>pn 
nbm nrnannn >aaV mVVan n>oa>pn n»A*UNn - mooVn-NV moaann 

.moaannn ariNb n»VVan n>oa>pn nuaiNno 
na n>ooVN-NV moaann -mooVa moaann - i»oiVnV n>ooVN-NV moaann 

.nmannn an«b *rn> d>ya d>9ian >ao 

mi-vi + m 2 -v 2 = (m t + m 2 ) -0 

.mnmo nwaannn >aaV ip ima Vy a>ya o>ann >ao - n>na>o moaann 
-n>©oVa-NV nmanna moa’p n>A*i3N Tia>N 

Affl 2 1 2 | r 1 2 1 2 , 

AE = l^-mi-ui + j*ni 2 -u 2 ] - l^-mrvi + 2 *ni 2 -V 2 J 


-mooVN moaanna n»oa>p mamat mn>© 

1 2 1 2 1 2 1 2 
2-mi-Vi + 2 - m2-v 2 = 2' m i' u i + 2' m 2 -u 2 

-mmroo n>ooVH moaann:a n>03»p mama* *no»t> 

V 2 - Vi = — (u 2 - Uj) 

u 2 = - Vfll 

m 2 

P = m 'AT + “ nn ’ no ’ia’vi non m>© apy dnaa >aiy>nn man 


?C.M. 


Smj-fi 

M 


- noon rano oip>o 


Vc.M. 


Sm^j 

M 


l 

M 


- noon tano mvno 



- >VVan mpn yann >ia>© aspV mi© d»amin mman Vip© 


rann nn»no .©akV rm© d>aia nanyo ay Vyian a»aiy»nn mman Vip© on 

Fe = o => v c .m. = constant .nyiap n*m©a noon 
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pm *\ppr6 - 14 poa 


narnm mo n* by «piwa - naoj 

ninvo nion *who ,Ook .wPiya pro nion nPaoo Kin pop nio Pv ipmon 
1 = SJi :<iwn Oy lOyav mapmon Oo dk oonO v> ,prn oy 

nmvo io onni ,n» pr ivoo yiop mo u»n .yoipoo mnvo nion ok 

J = S(fi• At<) :Kin mo’nn ohk moy 

ik ,ovaKn Poo o’pp pr >vnan nnpO ino inn Kin >ii>vn ok ,0ok 
lain oioon nr nopoo .(14.27 m>3) oqkO At jik i>KvnO tmhN o’O’oo 

:0OAW’K0 



F IN] 




F [N] 



inm Om n’spjwa man •na'i irnnnai rroiun Kin *ipirnn : 14.27 ivs 
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vim *)pa>n-l« paa 


JllbNW 

?>npa viaa aio>w pirn poio aw pwKaa pinn pa awpn mo .1 

?o>9ia aaavo aw >npn viaa aowi ia mmn mo .2 

?’iipa viaa aowi ,aioo arnioi aaana vaio ana awKa OKa .3 
a>pa vpai kid awKa ,aav <pa>o a’pa VAi9a ana av avia mo .4 
?a>pa via Nin aa aiamo a*m im«a 1100 arnio Kia awKa ik 
?ia 9 wa W’Aa au>a .poiana pan Kiap oak oaoa aoiv n/aKw noi .5 

?anKa 000 Kav awKa <p paa vno .6 
?<piaa aaiaa ap jik a>oana ’Kaa vno .7 
a>oi>p auaiKi t>9Ka row nip via n>n> o>9U aaavoaw pa> OKa .8 

?09K0 row 

ami>p nnaiKi oaKo row nip via am’ o’aiA aaavoaw pa> owa .9 

?03Ka anw 

?o>9iA aaavo aw aooa raao aiamo an auwa na aiwva *rna ao .10 
?aaavo aw aooa taaoa at»o mma aa»n ona .11 
nip via w> onowo >oa .a>oi>p noniK aaw w> aaa <piai ap <pia .12 

?aav anA 

Ksoin aaiiKoo nia aan> n> av waao aarn oapa awaK OKa .13 

?aa>oa 

?mpa viaa aowi aiwAiaa aw aian ia>Ka .14 
?a»oi>pa auaiKa aaowi aiwAiaa aw man P»Ka .15 
?n’ot>aa aiwAiaaa aaai’pa anaiKa aa9ia aoa .16 
.aaana paan a9ii .aaana avo 0000 nani aaniwo aiPotPa ana .17 
?ai>aooaan ana aw nipa viaa aowi OKa .k 
?> npa viaa aowi p aa aaavo w> oxa .a 
©n> mo ,1:100 Kia oaaw aiooa t?n>w o>9U »iw pa aiwAiaaa .18 

?ar av nr o»a>V90 o>9iAaw ompa’oa 

ao ,<iia aw aoo raao aw aiamo >ii>wa oinia aia> >m»n nia pa ok .19 

aaoiao aw vnoa ovoa 

naia> av>a ,aviap aaKwi aaaiao aaavo aw noon raao aiamo ok .20 

?aana aKsoin n>aan 'f Kna 

niaa ok pa aviap aaKwi noon raao aw aia>aoaw aoKa pai OKa .21 
?oaKa anw aaavoa >a>aaoo anK aa av >m>nn 
?<1pa>o o>a>V90 101 nvp ainia paw pai OKa .22 
?tia>Ka aaam a>oi>pa nuaiKn aa amtPa aiwAiaaaw pai OKa .23 
>anK aaKwi p>pan aa aw auaiKa amtPK aiwAiaaaw pai OKa .24 

?aiwnaaa 09 a namw 10 a aiwAiaaa 

Viaa >ii>w ,oaaiA ao aiwo Kai ,o>aiA >iw pa aiwAiaaaw pai OKa .25 

?aaiA3 nnr Kin o’ana >iw aw 

?aooa raao avna av o>v>9wo Ka o”o>ia amiaw pai OKa .26 
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yjm <)pn>» - 14 paa 


JW11W1 fllbNW 
•k non 

“ 5 m?sec"innmoi 400 gr inoow im aw mpn yjnn mo .k .1 
?8m/sec-a nanA anan mnmo ok mpn yjnn ni’w mo .a 
?m mp van m>wa onnn <ipmon mo .a 
maKwn ay onpon 6-o *rnK aa >nAa >av/nav .omw onpo 6 *r’39a .2 

.niKan 

?mannnn mpn ymn mo .k 
?> 9ion mpn yinn ino .a 
?>ipn yon m>w mo .x 
?<inn ay ayow <ipmon mo .a 
?<inn ay ay9w ymoon man mo .n 
in yion pt .5 m/sec mamoa nnooo oyai 400gr inoow ana (P 

.0.05 sec Km Pam anan 

pr .5 m/sec mamoa 2 m/sec mamoo oym 400 gr inoow ana (ID 

.0.05 sec Km aAam anan in yAon 
5 m/sec mamoa 2 m/sec mamoo oyaj 400 gr inoow ana (III) 

.0.05 sec Km Pam anan i>a yAon pv .*ri9nn pvaa 
woo Kam 400 m/sec mamon ^y wna o»3 5gr inoow ynp(iv) 

.200 m/sec mamon 0.2 sec nnKa 

ypapa nynan pr .nayna lm nnuo amo o.5kg meow ana (V) 
’/omnn) .lm nnna aw anan naiy vnnKai ,0.5 sec Km 

(yiKa ny>A9n nawn pa niwAinna 

aaya 10m/sec aw mamoa pan 0.5kg inoow ni’aooas ana (VI) 

.0.01 sec Km mpn nanyn pr .n ypnm a>p 
niaKwn ay onpon 5-o anK aa nAa oy/my .now o>apo 5 loaa .3 

:mKan 

a^un ay aysw <pmon mo .k 
? mpn ymn m>w mo .a 
?>nannnn mpn yinn mo .a 
?> mon mpn ymn mo .a 
?<inn aw mmon mamon >no .n 
l>a yAon pt .ION aw ma »»y nnuoo oyni 400 gr inoow ana (I) 

.0.05 sec Kin aAam anan 

lima ion aw ma >»y 2m/sec mamoo oyni 400gr inoow ana (il) 

.0.05 sec Kin aAam anan i>a yAon pr .mamon 
lima 5N aw ma >»y 2 m/sec mamoo oyni 400gr inoow ana (III) 

.0.05 sec Kin aAam anan i>a yAon pr .mamon pma *p<m 
ma i>ay ayim 400 m/sec mamoa ^y wiAa oini 5gr inoow y’ap(lV) 
.2-io _5 sec anKa ^yn wiao Km> y>apn . 10 , 000 N aw nmy 
pra na>yao ns^nn .miana lm nano amo o.5kg inoow ana (V) 

. 0.5 sec Kin ypapa nynnn pr ,6N aw ma yAon 
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yini «ipj>>n - 14 poa 


>oimn jivon .ma nt n>n^>o o’VAmon onvro ov Vv onpo 6 *t>iqP a 
mi= 4 kg ; m 2 = 2 kg .onpon VoV )>0> )W >90 Km X-D *l >3 Vv 


2 m/sec 4 m/sec 

4 m/sec 2 m/sec 
w _ 

4 m/sec 

I © 

® 

0 

© © 

(3) 

(2) 

(1) 

4 m/sec 2 m/sec 

3 m/sec 5 m/sec 

4 m/sec 

© © 

• • 

• ® 

(6) 

(5) 14.28 TPS (4) 


:nmon mVKvn Vy onpon 6-0 onK Vo >oaV oy/n>y 
?()ivoi Vow) nivAinnn 09 V nonyon w >won mpn yjnn mo k 
Vow) mvAirmn nnK noiyon Vv >VVon nipn ymn mo .a 
:()>oiVnV h>ovVk-kV) n>m?V 9 nivAiim Km mvAinnnv nnmo .a 
oonnono onK Vo Vv (pirn Vow) nnion immon mo (I) 

?onrrono ohk Vo Vy Vy 9 v (111*01 Vow) <ipn>on mo (II) 
vnwAiimo imiN n*oo*p nwoiK noo (III) 

:ji>ooVk diva Jim am mvAiimnv nnmo .0 
oomoono onK Vo Vv (111*01 vow) nmtm immon mo (I) 
vonnono odk Vo Vy Vy 9 v ()ii>oi Vow) <pn>on mo (II) 
onivAJimo hooik n>oi>p nwoiK noo (ill) 
onivAJimn nnKi 09V ,nt»on tono immo mo .n 
mmn )ivon .nro nt n>m>o o’vAinon onno ov Vv onpo 3 700V .5 

mi = 4 kg ; m 2 = 2 kg.onpon VoV )>o> )ivoo Km X-n o>y Vv 
,nj>o> 3 m/sec Km iwvAjrmn nnK 2 <jw immo 


2.5 m/sec v 6 m/sec v v 

-► -► -► M - -► 



:niKon niVKvn Vy onpon 3-0 onK Vo »oaV oy/niy 


?n»ooV 9 mvAinnnv yio> ok ,mvAmnn 09V ,v immon mo .k 
?n>ot»V 9 n mvAiimn *jVnoo o> 9 wn Vy Vy 9 v <pn>on mo .0 
vmvAiimn nnKi 09V ,noon mo immo >no .a 
onmoVK mvAiimnv yrr> ok .nivAiimn 09V ,v immon mo .0 
?n>ooVKn mvAirmn TVnoo o> 9 wn Vy Vy 9 v <pn>on mo .n 
omvAiimn nnKi 09V ,m?nn mo immo mo .1 
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ywn*lpn>» -14 paa 


nioxmn niwono m inooo mw moo >no ona onpo 4 loop .6 





2v v 

o" m 

v 2v v v 

9 9 9 9 


(4) 

(3) 14.30 avs (2) 

(i) 


:niKan niPKon Py onpon 4-o anK Pa >a*P oy/roy 
niwonnn ok nminnn anKP moono nnK Pa niamo mo .k 

?n>OOp9 

anmoPon nwimnn iPnoa aaiKn n>oi>pn nnaiKn nnK mo .a 
nrninnn ok nminnn anKP moono nnK Pa niamo mo .x 

?n>ooPK 

anmoPKn mtooimn iPnoa aaiKn moi>pn mniKii nnK mo .a 
anminnn nnKi 09 P ,noon taao nn>no mo .n 
l m* noo .n>ooP9 niounn o>wono o>9iA oo ona onpo 4 *tO90 .7 

.8 m/sec iniamoi 2 kg Km 2 <pi noo .10 m/sec iniamoi ,4 kg Km 
anioimnn anKP (pvai Pan) mmoon oniamo mo .k 
anioimnn nnKi oqP ,noon raao niamo mo .a 



' *\ . 

mooo anK pPn ,o>pPn ooP ^i 9 no nnuoa Kuom 2 kg woov ana .8 
?oon pPnn Po niamon mo .5m/sec niamoa m>o> yi 0.5kg 
.o»pPn ooP ^monoi m>o> 4 m/sec niamoa yj 2 kg mooo aiaa .9 

l.2kg Km poKan pPnn nooo pm ok oon pPnn niamo mo .k 
.nPKOo 3m/sec (III) nj>o> 6m/sec (II) OOK (I) :K»n miamoi 
?nvmi9nnno nnK Paa nasuo moi>pn noniKn nioa mo .a 
2 kg mooo aiaa ia>ai pPn nap nooo Py aoiy 70 kg mono oaK .10 

.4 m/sec niamoa oPkoo 1 ’Poo Kin iniK 
?aiaan npnt anKP oaKn niamo mo .k 
?aiaan npnv anKP noon vaao niamo mo .a 
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yarn npji>» - 14 pna 


mi - I kg ; tn 2 = 2 kg ".omo >w pa Jiwxinn Pv o>*OK»n 3 *yoaP .11 


2 m/sec 1 m/sec 

4 m/sec 1 m/sec 

2 m/sec 

09P 

® © 

© © 

© ® 

2 m/sec v 

m - ->. 

2 m/sec v 



© © 

© ® 

© © ™ 

(3) 

(2) 14.32 ivs (1) 




?v nnmon >no 

.K 


?n>ooPN mwAinn Km mwAinnn onn 

.1 


itiwxxtin ri"QK fi>m>p n n^H dkd 

.A 


m non 

vppno TriK Pd nnmo mo .^marioi nnooa ksoi m irioov dud .12 

:o>ndd onpono inN Paa 
.v K>n o’pPnn mN rmmo .omt o>pPn ovP "piano auan n 
. v N>n m/3 inoow pPnn nnmo .o’pPn owP 'piano man .1 
ppni mpDD DKV1 DHN pPn .Q>Dt O’pPn nviPwP 'piano DUDD .X 

.v nnmo Pipe ow 

200 m/sec nnmoa vi 5gr woow V>Pp .13 
100 N/m mwpn ,5 kg moow "p Pma ypnoi 

.100 N/m iPw 'papn ympw 'papP 
,^>apn Pw >Po>oaon 'pmn mo k 
? pPn nowonw pro ok 
14.33 tts ok 'papn Pw >Po>oaon "pimn mo .d 

?0.2-P nnv mi>pn *rnmn o*Tpo 

woow >p Pm aayp 400 m/sec nnmoa n>paiK mo 5gr moow v’Pp .14 
Nin\y *ry 4 m 'pn Pm 7 >woo v’Ppn nyua anKP .nnooD Kvom 4 kg 

:o»*waN omvo 2 ioaP asyi 
.'pn Pma ypno V’Ppn (I) 

.200 m/sec nnmoa own nn»o kvi> v>Ppn ( 11 ) 
:ni«an niPKwn Py oy/my I-II onaono mK Pd miP 
?y>Ppn nyna annP ^yn Pm rmmo mo .k 
?" pn Pm y>Ppn pa niwunna maK noaiK noa .a 
?nowom "pn Pm pa *rnmn oapo mo .x 
nnmoa pPn nowo Py nyi 2 kg Pw noo .15 
naoiy now nooa nvAiai ,2 m/sec Pw 
2 m/sec Pw noon nPyn pPk nann mo .lkg Pw ' 




:w nnma lkg 
.nmoPa mwAinnn .k 
.ipooPk mwAinnn .a 
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yjm «)proo - 14 pna 


14.35 HI’S 


oom im ia*iixv omb nwprm woov ma .16 
vajiio Kin ibiboo ronnr>a.*nnivoi 90° roma 
.nnt moov nm ov nnaa 
:omv9K o>aiio 3 *to^ 
.rooobK mvAinnn (i) 
.rooob9 nwAiJinn (II) 

.3 m/sec K>n OO’n * 11 *Tbn JlVOnOI JOOObK Kb JllVAllinn (III) 
:nixan nibKvn by oy/my I-III o’asono tok bb >bAb 
?mvAinnn nnK onnbno mK bb nnmo mo .k 
?onnbn ov bv robomaon nmon n>m mo .a 
nb’oo by nyoun 140 kg nnoov romp by *roiy 70 kg inoov o*tk .17 
rompn nnmo mo .rompn p ^oip o-mn . 4 m/sec bo nnmoa 
: 6 m/sec Km o*mn nnmo avKb ,o*Txn nioap anKb ^bKb n>tm> 

.n>mpn nyun pnaa ,yiKb n>on> .x 
•?* ,n>mpn nyun iioaa ,n»mpb n>t?n> .a 

.n>mpn nyun iioab *ri9n iioaa ,yixb n>tm> .a 
. rompn nyun limb *p<m iioaa nunpb n>t?n> ,*r 
.nunpn nyun iioab *pixoa yixb n>tm> .n 
.rompn nyun iioab 30° bv nuna YiNb n>on> .1 
by nx^om romp oipoa bvxa ,17 nbxv >9>yo ba by nrn/*iwi .18 
.o>*mn bab yub nbiam ,o>a nmorn by o-mn *roiy ,nb»oo 
nnmoa .pbn nova by nyi 5 kg bv noo ora onpo 3 *r>39b .19 

npa*ni 2 m/sec bv nn>noi lkg bv noo nb9U noon by .4 m/sec 

.n>bx 

?onpono *rnx baa ,nioon >nv bv nrinivon onnmo mo ,x 
?onpono *rnx baa ,ni\yAinni rni« n>oop n>A*UK noa .a 



4 m/sec 


(3) 



80 kg *Tnxn noo .robAyn n*or taaoa onoiy nip by o>p>bno ov .20 
napb y>Aoi man yi onu>a n>rrn nmmo nxmna .70 kg uvn nooi 
?ovn p>bnon ,n*orn nupb y>Ao pr hod *rm .10 sec mxb n*ovn 
ova avxa ,20 m/sec bv nyiap nnmoa nyou 400 kg nnoov n>xvo .21 
yuon nib mo .nama naosoi ,nov bb 5 kg bv b^pb n>by *ni> 

:*nv ovin ok nynpn nrm>no by *ioivn 
.^*iKb n»on> noo iodik .k 
, n>Kvob n»on» noo n>biK .a 
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yjni «)pi»o - 14 p^o 


4 m/sec 


.ono>a oqkP mwn nw nnmoa PPna oianno owjomw m> .22 
.5 m/sec P\y ono’a n>on> nnmo nnmio id oon nK -tok o>ann on 
noo *rnK oikhiookP .(noo Pa 5 m Po a^pa nro nr o>pn*ino on) 
?o>oiKinooKno phk Pa nnmo >no .80 kg Po non ooPi 120 kg Po 
niwonn nioiino nw inooo nvpon >no ona o>auo >io *joaP .23 

.nmy>o ni>Ko 
,o>ayono phk Pa »aiP 
rniKan niPKon Py my 
ni’ponn >no nnmo mo .k 
? nio;onnn mKP 
K>n niwonnn OKn .a 
?n>ooPK nnwonn 
n>oi>pn n>A*OKn nnK mo .x 
?nwAinna mraKo 
noon rano nnmo >no .*r 
?moAinnn mKp 


(l) 


30 ° 

60 ° 

X 



2 m/sec 


4 m/sec 


( 2 ) 


>' 40 ° 


14.37 tps 


,6 m naniKi 160 kg nnooo nnioan nypa toiy 80 kg mooo o*tk 
naPP Pmno o*TNn .o*TKn nyun nPmn oaP oipoa ntoiy ntioain 
,n*rioann Po oon nypn )ivaP o>P n>on> 3 m/sec Po nyiap nnmoa 
?o*tKn na’Pn nPmn nnKP noon rano nnmo mo .k 
? o*TKn nyon nPmn iokP ntioaan nnmo mo .a 
pnnioam 'pv oon nypp o*TKn y>A> )or noa *pn .x 
N>n 3 m/sec 'pv nnmon noKa 24 nPKo >a>yo Pa Py nrn/nirn 

- <•:. ,n*noaaP n>on» 

nPmn oaP nyi n*noa*m arma 24 nPKo >a>yo Pa Py nrn/airn 
nspa nyunn nPmna ksoa o*mn .4 m/sec Po nnmon nyunn 
.n*noa*in nyun pi>an yi Kim .nrioaan Po mnkn 
nPmn oaP nyi rvnoann -iokp 24 nPKo >a>yo Pa Py nrn/mrn 
>o*rpn n^pa nyunn nPmna ksoa o*mn .4 m/sec 'pv nnmon nyonn 
.npioaan nyun jii>aP -pan pvan yi Kim ,n*noa*m 'pv 
nnyP 5 gr mooo y>Pp om> n>oo>Pn nPoioon 
nPy y>Ppn nyoao nnaina .5 kg wooo ^y Pin 
.5 cm Po nnuP ^yn Pia 
yn> ok ,y>Ppn Po nooan nnmo mo .h 
?^ yn Piaa pkoi y’Ppno 
ks> Kin ok y>Ppn 'pv nooan nnmo mo .a 
?ioo m/sec nnmoa >ion n>yo 
*mK Paa omP naano nuaiKn moa >no .x 
?’a-i >k o>a>yoa onpono 



.24 


.25 

.26 

.27 


.28 
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yim «ipmo - 14 pia 


.pPn novo Py omm 'ty ’Pia ov iayp mpaiK mo 5gr woov y’Pp <29 
2 m/sec Pv mimo ro>m *pn ova iayo )ivKin *pi rnn y’Ppn 

.ovP1 m/sec-1 pvKlp 


E> 



14.41 IT'S 


,, 14.39 "IT'S 

?ovn ^yn Pm nynan oaP y>Ppn mimo mo k 
? 1 ivKin 'jyn pm nooan oaP y>Ppn mimo mo .a 
?iPia I’Pnna maK rnovp noiiK noa .a 
P v mimoa yj 0.3kg inoov ma .30 
*pKP 30° Pv mma i>pa yAiai 10 m/sec 
mron nmKa inn man .i>pn oy 
oy yAoa nmv inKP .mirnon nmKai 
.0.01 sec *rvoa i>pn 
?man Py Pyav <pmon mo k 
?mvPa pi’aa mpn ymn iova oko .a 
?mooPK nmn mvAiimn oKn .a 
mimoa nasna yna 500gr inoov ma .31 
mrn mm ,nay>iP 20° Pv moral 30m/sec 
.naynP 15° Pv moral 25 m/sec mimoa 
?man Py Pyav ipmon mo .k 
mo ,0.05 sec naiK mvAinnn ok .a 
?man Py Pyav yyioon man 
?naynn Py Pyav <pmon mo .a 
mimoa nooPo yAia lkg inoov ma .32 
nKyom 5 kg nnoov nama 5 m/sec 
namn Pv naun k’v mo .nnooa 
:K>n mvAMinnv nnma 
.mooPa .k 

14.42 ivs .mooPK .a 

.mnPnnnn moopn noiiKn )o 20% nPapo namm ,mooPK kP .a 
ovP ^aiano nan .60° Pv moral 30 m/sec Pv mimoa mo na .33 
Pv mpaiK mimo Papo Ppn pPnn .1:2 Pv moo oma o’pPn 
.man npnr mimo Pv ’pawn a>am poaa 25 m/sec 
mvAinnn ok ,mvAinnn inKP mo naan pPnn mimo mo .k 

: nvnino 
.naiAn K’va (I) 

.nan nK>y’ inKP nnK nov (II) 

.nann k’v layo inKP nnK nov (III) 
nyon nKi o>pPnn ovo inK Pa nyon jik mia’K mya >/ikh .a 
,’K i>yoa o’lKinnn onpon nviPvn inK Paa noon raio 


o 
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vim «pmo - 14 pia 



Htrich 100 N/m Pw ^>9p mvP nn 
wik >{inPP v> ,nmnon imm iokg 
n>vn onn own 09mw nn 10 cm mmP 
lkg moow inn .nno hid nn no9ipn 
>no . mooPK in VAi9i >papn mvP pm 
oninw man Pw mPoomn nnmon 

?PvimP 'fapp 

vmpw 'pap po>n iwNn mvnnoi ,pPn nowo Pv mnno moo mw 

.100 N/m iPw ^>9pn 
o’kw ^>9pm ,nnuoo nniniwo moon 
.vpipP Pan moono nnK <)KP nwp 


.34 


k=100 N/m 


ill 21 * 


14.44 TPS 


mnwn inKP nPnpo 2 kg Pw noon 
.ni’O’ 5 m/sec Pw mi mo 
?mnwn mnP 4 kg Pw noon mimo mo .k 
?mnwn inKP noon tmo mi>no mo .n 
?^>9pn 'pno nm non .a 
now noo .l00N/m iPw ^>apn vnpw ^>9pP miwp 4 kg Pw noo 

.10 m/sec nnmon nnoivP nvi 6 kg nnoow 
I k=l00 N/m T'l’apn Pw >Po>onon pinn mo .k 

. . . -j 

.X 

.1 


10 m/sec 

-► 


6 kg 


11W 


4 kg 


14.45 IT’S 


Pn Pw maion mimon mo 
?moono nnK 
?mwAmnn n*rnK noiiK non 
prnn’K piKn ,nKii *T*’n 
:o>Knn o’9iino inn Pn 
.pin Pw nnpnan noon tmo mimo (I) 
.pm Pw n>5Jp3i9n ^’9pP miwpn noon mi mo (II) 


© 


lm 


14.46 tpx 


100 N/m iPw ^>9pn vnpw ^>9p Pv 
P 910 nnmn Pv .5 kg nnoow nnm nnno 
.1 m Pw nnuo l kg moow inn 
iwkp ^apn Pw >Po»onon 'pnan mo 

:xm mwAinnn 
.nmoPa .k 
. mooPK .n 
inKP mnn mimoi mooPK- kP .x 
.nPvo >9Pn l m/sec Km mwAinnn 
pi>no 900 kg moow nm von ,o’nn noiKn ipm Pw nm >9 Pv 
nKvmn ,nii9v nviw 1200 kg nnoow now noinon VA 91 mvo 
im npPnnn oo>o .in> voP imwoni nn n moinon ivpm miKnno 
■pn -pnmn oipow vn> .pasno nmto 37° Pw mmm 10 m pnioP 

.0.5 Kin w>nnni moinon 
Pw nimon nvmm nn>no nK nnv pmw ik ,momono nnK oKn 
» 760 km/hr 



.35 


.36 


.37 


.38 
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yim - 14 paa 


5 m/sec 

5 - > 


14.47 IT'S 


mnanim mamo aapo 2 kg inoatrma .39 
,0.8m maiAW paiw ay 5 m/sec aw 
4 kg inoow ow “mao lm pnaoa 
mwAinnno nKama .nnuoa Kaom 
4 kg moow man aaii ,ono»a mns’on 
.ypapa yAiai paiwno 
paiwn nap yn ’pawn pnaon mo 
anK aaa , ypapa myna rnnpn 
:o>Nin onpono 
-a* .mooaa mwAiromi pan nowon k 
.mooaK mwAMinni pan nowon .a 
.mooaa mwAinnni 0.1-a nnw iiamn oapo .a 
.ji>ooPk mwAinnni 0 . l -a nnw *riamn oapo .a 

npan na’oo wKaa nno m moow ana .40 
mnnna .nnnoo aaniwoi h nnanw 
ow avtaa mooaK wajtio Kin na>oon 
ban mwAinnn p nKawa .m moow 
H nana nn^om namn aK n»m man 
nauna VAia man ,na>oon mnnno 
aa now!? po .nP’oon nypo x pnaoa 
,H-i h omaAn owo anK 
aw mupiiaa x aw <p>n nKa> am .k 
? h jik pa oowo OK v/h 


14.48 1VH 

?H hk pa oowo ok Vh aw n’upnaa X aw <vun nKa> am 


naanio nnnnrm noon awKa 
awKa (mmpon moon oy) 


>a-i ’K o>a>yo ay ntn/aitn 
.3 m aw nooa 
a-i ’K o’a’yo ay ntn/aitn 


.a 

.A 

.a 


30° mma na>yn nyi nmayn noom mny’o ni’K mwAirmn 
ny’Aan naipia na>oon nypo oyan oa aaoi X) .Vgh mamoai 
(,’aipon nyonn pvaa Ka ipn oyan .nanima n»m auan aw 

.^ia ay yo* *rawa ayian ma aKino ona o’aaA 2 i’iaa .41 
:niKan maKwn ay o>aa>nQ anK aa >aAa oy/niy 
?nynnn aw o>aawn nwiawo anK aaa <pmon mo .k 
?<inn ay ayaw >aaan <pmon mo .a 
?<inn aw >aaan ’iipn yirm >o>w mo .a 


f [N] 




123456789 t [sec] 
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yam ipn>o - M paa 


E> 

m 




M moow ^y biaa yan m mwow y’bp .42 
bia .v/2 niamoa iaoo Kano ,v niamoa 
v/2 nyian yyao R laaiKW oina aiwpn ^yn 
niamon mo .^ipt bayoa n’bayo 
' ?obw bayo yya> bianw na v n’boo’on 

M 14.50 ivs 

onna ow miwaai 70 m nntaow noiapa awi> 70 m mwow oik .43 
pan o*mn .4 m/sec niamoa nyoia noiapn .5m ono anK ba nwow 
nsmiwon oniamo mo .oot?o i»t wa<ma nt anK nt onvran ow jik 
o>ap)an)o anK baa o>anan ow npnv anKb noiapni oaKn bw 

:o’Kan 

.noiapn nyian pnaa pnb n>on> 5 m/sec niamoa pan ana ba .k 
limb inn pvaa ^aKb nmn> 5 m/sec niamoa pan ana ba .a 

.noiapn nyian 

nyian lima noiapb n>tm> 5 m/sec nnmoa para ana ba .a 

.noiapn 

limb inn lima noiapb n>wn> 5 m/sec niamon pan ana ba .a 

.noiapn nyian 

nyian limn noiapb n’t?n> 5 m/sec niamon pava iiwnan aiaan .n 
limn noiapb n>tm> 5 m/sec niamoa pan own anani noiapn 

.noiapn nyian limb lion 

,p9iKb 30° n>mai 20 m/sec niamoa pan 2 kg moow ana .44 
^30° | _ ] yan Kin mbnnnn nanb nai-n iy>ann 

.Z (n ’ 3r n *» n ™ x) 8k * 

14.51 avs .nmoba mwaann na waanoi 

:o>Kan onpono anK baa aiaan nyoa anKb nbayn niamo mo 

.oipoa naoy nbayn .k 
. 4 m/sec niamoa na>o> nya nbayn .a 
.4 m/sec niamoa nbKOw nya nbayn .x 
onKinon onpono anK baa mnKw nma’pn noaaKn moa ’no .a 

I’X- ’K on’yt»a 

80 cm vbaaw yaaai nbyo nba ^aip 90 kg moow boaiaa pnw .45 
1kg moow ana tnm Kin ,nbyo nba 5 m/sec miamoi ypapno 
now nbaa iya> lot noa anKb ,’paiK pma 10 m/sec miamoi 

.?ypapa 

nniaoa Kaoan M inwow ow iian waano v 0 miamoi m moow in .46 

.an> onoya onnn ow mwaannn oab 
?mwaannn anKb naniwon oniamob no’nn mo .k 
? mwaannn aaKw nma»pn nnaaKn nnnb »io>an mo .a 
?m/M onm bw nnpana nniwn niamon bw iaan nKaa ay>a .a 
onm bw nnpana naaiKn n>oa>pn noaaKn nriK iaa nKaa mm .a 

? m/M 
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yim <)pn>» - 14 pia 


-i fin*> 

ov maa mooPK mvwnn v>mo 5 m/sec iniimoi 2 kg moov im .47 
mK Pa mimo mo .mvAmnn oaP nnooa Kuom 4 kg moov 
onn) mvAmnn nnK 4 kg Pv man Pv mum ok onnano 
180° (III) 90° (II) 30° (I) :h>d (2kg moov imn Pv mpon 
loimv i>oiPnP ppn >PAyo nip novo oioi ksoi 80 kg moov oik .48 
pm oiKn ,2 kg ono inK Pa noov onm ov oiKn wvm .30 m 
yn mov >nv Pv viand ,yn>an miKd nr inK nr mpaiK onnan nK 
,i>Pk mom 5 m/sec Km npnrn mimo .npnrP npnr 
?nipn novo nspP oiKn yo> .mivKin npnrn yAio pr nod Tin 
,>d 3 K mpo lm pmoa ppn nip novo Py auo 80 kg moov oik .49 
>9Pa 3 m/sec immoa pur mn iniK 2 kg moov iiid oiKn mvid 
man nK 09 m oiKn .mooPK mvAinn K>n mpa mvAmnn ,i>pn 

. (n>dr i>pd ny’A9n pr) mpn p inn nrvd 
?man npnr inKP oiKn nn>no mo .k -n 
?mdn nv>9n inKP oiKn nn>no >no .d 
?mv’9ni man npnr fa oiKn oipnn iniK pmon mo .a 
?*T’P nnn Pa *jvoa ina-oiK naiyon Pv ymn iovi OKn .1 

6 m naiiKi 10 kg nnoov nonp Py .50 
2 kg Pv nnKn ,moo mv raioa mmio 
Pd Pv noon raio .8 kg Pv novm 
noaia .nonpn raioa ksoa naiyon 
nyoon nooP oiun p’di ioin nonpn .. 

.paimP vPk 

Pv nnmoa nyi 2 kg Pv noonv *p moon mv nK nnnvo nmiann 

.nspp nyno K>nv iy 2 m/sec 
?^is>an inKP i>o 8 kg Pv noon niimo mo .k 
?^ is>an inKP i>o noon raio mimo mo .a 
?nonpn noaia novKin noon yian pr noa *pn .x 
?na novKin noon mvAmn inKP nonpn mimo mo .1 »r 
?novn mvAmnn yiKn novKin mvAinnn p pr noa *pn .n 

?na novn noon mvAmn inKP nonpn mimo mo .1 ?• 



14.52 1VX 


?novn mvAmnP iyi nmiannn yAio nonpn nyiv pmon mo .r 

l m naua nnjio 1 kg nnoov nam 
^ \ikgj^^ 30° immv i»o yaivo iiv’o Py ypipno 
\ ,o>pPn o’novon Pa .10 kg mooi 

\ 10 kg nupn ivKd moono nnK Pa mimo >no 

?ypipP yuo na>nn Pv >oi>pn 

1/1 55 TP'I 

o>kso 3 4 kg onoov omr onna ov 
___ 5 m/sec nnmoa yi lkg moov ilia .nnooa 

~"" N \ /—\ *’ mKd mooPK mvAinn vAmoi 5m/sec 


5 m/sec 


14.54 IVS 


?im> movAinn noa oniian 
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yim Tpmo - 14 p*i9 


14.56 TPS 


M inoo\y b <iu Py xsoii vo mnPnnn nnmo Pppo m int>»«> A <)tt 
•Tip»n o»p o>9iAn o\y vp .ppn novo Py xpom 
A | v ° > .fL xm >oi>pn Tipmn o*rpo 

pi-L| ?o>9iAn o>yuo n>Pxv n9nwon nnmon mo .x 

JLJLL Jo™»'.»K»Wi»»n 1P . m ,n. 

14 55 nps mnPnnnn nnmon m>m yno )ov nop Tin .x 

?n9nwon nnmoP o>9un iy>A> 

P\y nnpmn mm pv/xp m inoo\y U9 mi> 10 m woow y>ono nmn 
,’p-i ’H onpon ov >paP .v 0 xm nan P\y yiPn nnmo .a xm ropn 

:(ll)-i (I) mPxvm Py >/my 
.ypnpp omp nmnn P\y nyon onv9XO xP .k 
. ypnpp tm>p nmnn Pvy nyun onvaxo .p 
?W9m nPayn nppyo Pv mpn yinn novo oxn (I) 

5 m/sec ?U9n Pv n>n nno mo (11) 

p -*- mnPnnn nnmo Pppo 2 kg moov W 3 

m ov pvtpo lm P\y pnnop 5 m/sec P\y 

>3vn ‘ m3ri -ftnuop xsom 0.5kg woow 
nvnwonnn Pp .p’po lm Pw pmop xsoi 
14.56 ips .omov niowdnnn oot.nvodPx 

nmmnni o>9un vp niwxnn nminnn vp oootn vn9n mo .x 

?pPn novonv nnmp ,on>j>p novm 
nwAMinm o>9nn vp rmwxnn nnwonnn vp oootn vn9n mo .p 
? 0.2-P ninu *rip>nn d*Tpov nnmp ,ono>p novn 
4 m/sec nPppo 20 cm npnm lkg nnoov np>n 

□ ’Pxovm nupp 4 m/sec Pv m>o> nnmo 

. I pp >pix p>p nPi 10 kg nnoo\y mmp Pip 

( ) Q oom nspn vp >nPnnnn pnnon .)>»> *tpp 

wmMmmmMmmwm WAMID rnmn ,2 m xm mpm npmn Pvy 
14.57 nps .nntnioi mooPx n»pp 

Pi9>n lot nop Tin .Tip>n vx np>nm novon vpi novyoni nonpn vp 
?( nonpn P\y nspn nx o>ppiy 10cm) Pxovy *m np>nn 
lkg nnoow npmP oonu .pPn novo Py nxsoi 10kg nnt>o\y nPiy 
1>x nPAym np>nn vp nPAyn n>nnnp 5 m/sec Pv n>nPnnn nn>no 

.Tip>n 

' . / nP>yn Pv h »Po>i>on npnn mo .x 

—► v/ ?>iwn m>yp np>nn ppyo nx yio’vy 

---^ np>nni nPAyn nvnmo i>n> no .9 

^ nni1 np>nnv nnxP 

i a u “iv'u ?nPAyn 


4 m/sec 


14.57 IPS 


5 m/sec 


14.58 TPS 


?nwjonnp mpx n>Amx nop 
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VMM - 14JTW 


jiibNWb rniwn 

J=1.2 kg-m/sec .X AP= 1.2 kg-m/sec .a P=2 kg-m/sec .X .1 



1.25 0.5 0 0.5 0.5 (I) 

0.25 1.3 0.8 0.5 0.5 (II) 

1.375 0.55 0.8 -0.25 -0.25 (III) 

360 1.8 2 -0.2 -0.2 (IV) 

-1.57 -0.78 2.22 -3 -3 (V) 

P=0 (3) P=12kg-m/sec (2) P=16kg-m/sec (1) ,a=X .4 
P=0 (6) P=-22 kg-m/sec (5) P=-8kg-m/sec (4) 

v=2.67m/sec ; J=5.33N-sec ; AEk=10.67J (1) .X 

v=2m/sec ; J=8N-sec ; AEk=24J (2) 
v=0 ; J=8N-sec ; AE k =24J (3) 
v=-l. 33m/sec ; J=5.33N-sec ; AE K =10.67J (4) 
v=-3.67m/sec ; J=2.67N-sec ; AEk=2.67J (5) 
v=0m/sec ; J=8N-sec ; AEk=24 J (6) 
Vi=1.33m/sec ; V2=5.33m/sec ; J=10.66N-sec ; AEk=0 (1) .7 
vi=0 ; v 2 =6 m/sec ; J=16N -sec ; AE K =0 (2) 
vi=-2m/sec ; V2=4m/sec ; J=16N-sec ; AEk=0 (3) 

Vj=-2.67m/sec ; v 2 =l.33m/sec ; J=10.66N-sec ; AE K =0 (4) 

Vi=-4.33m/sec ; v 2 =-2.33m/sec ; J=5.32N-sec ; AEk=0 (5) 
vi=0 ; v 2 =-6m/sec ; J=16N-sec ; AEk=0 (6) 
vc.m.=0 (3) v c .M.=2m/sec (2) v c .m.=2. 67m/sec (1).n 
vc.m.=0 (6) v c .m.=-3. 66m/sec (5) v c .m.= -1.33m/sec (4) 

vc.M. = 3m/sec .X J=6N-sec .a v=4.5m/sec .X (1) .5 

Vc.m. = 1 • 5m/sec A J=6N-sec .D v=2.25m/sec .7 
vc.M.=3m/sec .X J=12N-sec .a v=3m/sec .X (2) 
vc.m. =- 1 m/sec .1 J=36N-sec .D v=-15m/sec .7 
vc.M.=3m/sec .X J=2N-sec .a v=4m/sec .X (3) 
Vc.M.=2m/sec A J=4N-sec .M v = -lm/sec .7 

v/2 .n 0% .7 0,v .X 50% .a v/2 .X (1) .6 

o .n o% .7 -v.v .x 100 % .a o .x (2) 
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yim 14 pH 


-1/2 .n 0% A -2v,v .A 95% .1 -v/2 .K (3) 

3v/2 -n 0% .*T v,2v .A 55% A3v/2 X (4) 
v=5.14m/sec ; <*=111.6° (2) v=7.18m/se ; <*=68.2° (1) .X .7 

v=4.07m/sec ; <*=36.55° (4) v=7.18m/se ; <*=66.8° (3) 

.ftWAAJinn -inx^ jiaiwon nn>non x»n noon onto im>no a 

v=-l. 67 m/sec .8 

v=14.5m/sec (III) v=0.16m/sec (II) v=10m/sec (I) .X .9 
AE K =73.5J (III) AE k =6J (II) AE K =24J (I) A 

Vc.m.=0 A v=-0. 1142 m/sec .X .10 
AEk=1J A xP a v=l m/sec .x (1) .11 

AEk=3J .A H'y A v=2 m/sec .X (2) 

AEk=0 .A p A v=l m/sec .X (3) 

-v .A -v/2 A -v .x .12 
x=0.001m A x=0.045m .X .13 
fi=0.032 .A AEk=399.5J A v=0.5m/sec .X (I) .14 

H= 7.97-10- 4 .A AE k =299.9J A v=0.25m/sec .X (II) 

h=0.363m A h=0.09m .X .15 
ai=0 ; a 2 =90° A Vi=0 ; v 2 =4.43m/sec .X (I) .16 

ai=a2=41.4 0 A vi=v 2 =2.21 m/sec .X (II) 
<*1=22.66° ; <*2=57.26° A vi=l.23m/sec ; v 2 =3m/sec .X (III) 

v=7 m/sec A v=9 m/sec .A v=lm/sec A v=3 m/sec .X .17 
v=3.4m/sec .i nonpn Py y’Qwo xP .n 
v=3.53m/sec;a=23.8° .1 v=5m/sec;<*=36.8° .n Krt 'l-’X .18 

AE k =8.67J A v=3.33m/sec .X (1) .19 

AEk=3.8J A v=3.57m/sec .X (2) 
AE k =13.21J a v=3.1 m/sec .X (3) 

t=8.75 sec .20 

F=0 A F=100N .X .21 
Vi=2 m/sec ; v 2 =-3 m/sec .22 
v=4m/sec A AEk=0 .A p A Vi=3.46m/sec ; v 2 =2m/sec .X (1) .23 

v=4m/sec A AEk=26.7% .A p A v=2 .75m/sec;a=27.5° .X (2) 

t=1.33sec .A v=-1.5m/sec A Vc.m.=0 .X .24 
t=2sec .A v=-l m/sec A v c .m.=0 .X .25 
t=1.33sec .A v=4.5m/sec A v c .M.=4m/sec .X .26 

t=0.57sec .A v=7.5m/sec A v c .M.=4m/sec .X .27 

AEk2=2943J ; AEki=2448J .A v=1090 m/sec A v=990 m/sec .X .28 
AEk=3595J .A v= 1200 m/sec A v 2 =400 m/sec .X .29 
p .A AOYOY pi’M A J=5.2N-sec .X .30 
J=298N-sec ; <*=13.6° .A F=5960N A J=298N-sec ; <*=13.6° .X .31 

h=0.05m .A h=0.14m A h=0.0354m .X .32 
v=19.04m/sec ; a=58.3° (II) v=10m/sec (I) .X .33 
v = 19.04 ; <*=58.3° (III) 
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Vim - 14 jna 


v = 1.76m/sec 

x=0.866m .1 Vc.m. = 0 ^ v=-2.5m/sec .K 
AE k ~0 .A ue=2 m/sec ; 14 =12 m/sec x=1.55 m .K 

h=1.04m .X h=l .08m .1 h=1.2m .N 
Vi=50km/hr ; V 2 = 49.8 km/hr .K^7 
x=1.29m .*T x=0.65m .X x=1.35m .1 x=0.67m .K 

:nin yio>\yn ip o^m 

V2h/3 ; V2H/3 .T .A 2>/h .3 2 -v/H X 

1 KD .1 J=18N*sec .1 Ji = 12N*sec ; J 2=0 ; J 3 = 6 N*sec .K ( 1 ) 
Itt!) .A J=24N*sec .n J 2=12 N*sec ; Ji=J 3 = 6 N*sec .H (2) 


v — 


m ^ & 


v=3.65m/sec .A v-4.64m/sec .n v=5.93m/sec .K 
v=4m/sec .n v=4.35m/sec .7 
v=0.26m/sec .A v= 6 . 66 m/sec .n v=3.464m/sec .K 

v=340 m/sec .*T 
t = l. 16sec 


%AE k = 


.3 U=H^» k 
m+M m+M 


v 4 =2.89m/sec ; V2=2.89m/sec ; a=90° (I) 
V4=1.18m/sec ; V2=5.53m/sec ; a=25.36° (II) 
v 4 =-3.33 m/sec ; V2=1.66m/sec ; a=0° (III) 

t=122.5sec 

H^7 ,*T x=0.051m .A v=0.146m/sec .y v=0.075m/sec .N 
v=0.33m/sec .*T t=1.5sec .A vc.m.=0 .y v=-0.5 m/sec .X 

x=0.9m .1 v=0 A t=2.7sec .n 
vj=4.27m/sec ; v 2 =-0.37m/sec 
nvwAinn 2 


M-v 0 _ 

(m+M) -fig 


. M-m-vp m-v 0 

m+M ' m+M 


.X 


R=v§*sin(2a)/g (II) x!? (I) .X 
R=10• Vp-sin(2a)/ll -g (II) X^7 vjixn ytyry (I) .1 


t=0.21sec .y t=0.18sec .X 
t=0.525sec 


AE=0 .A Ui=-4.09m/sec ; U2=0.91 m/sec .y h=1.16m .X 


.34 

.35 

.36 

.37 

.38 

.39 

.40 

.41 


.42 

.43 

.44 

.45 

.46 

.47 


.48 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 
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>bx*T>Nn ran bmo - 15 pna 


15 p*l9 

♦tor an ran bt)n 


N110 15.1 

.’ini 'p ’bin ,mn’a ,onm :o’bua o>an bo np’anon mx’an lapoy nn *ry 
o’aopn o’p’pbnn .oaoiyb ,o”9iponpxo ornia o’rnpa nbN omia 
ornia o’xnpa ,mbipbiom o’oioxn - nbxn omian bn ax ommnon 
nxab p’a ,’aiponp’on obiyn aiyaiano pbn oao ,nnaoo .o”9iponp’o 

.mobo o’oioan np’anon ’pin anryn 
noiboo *tnxn xsomb bin’ ,*txo nmna xb nmon9oon ,ynon nom bn 
*po yma oon .nmns mso O’xnpa nbx omso .ra ix bna ,psio :omso 
.onnoso noinn bo o’oioxn in pixn ax onxao ono 
o”anmo o’xaa ’9 by ynpa noinn xso’ nmnsn mso noiboo nr’xn 

.^nbi m id*i 90 d d’bbmn 

d’oioxn i’n d” 0 ’nn onopn xm nmnsn mso noibo pa b*rnnn 
nni’ o’obn , psion dn nmm d’prnn onopn .mix ornmnon nibipbiom 

.ran *mvn o’obnni brim 

nso xm ra ,*rxo o’obn dn ran mbipbiom d’oioxn in onopno pino 

.mxmb nmm bpn nmnsn 
mnya ,’9ipoi*ip’on obiyn ax ommnon d’p’pbnn nxmn plan ax b>nm 
ax nxnai ,noinn bo ’ran nsob mmopn anniy n900 bo oi’oa mxmb 
ax nmoi ,’bx*t’xn ran b*no xnpan b*no xm ra bo nmm oio9n bnion 
.mobo nponon ’pin aiynoxn ,nr bnion amiopn aioi’om aiy 9 ian 

mbipbioi onswN 15.2 
,*tio’ aims bo a»on> pp naooo nnmo ynon ’ison oisyn omoinn piao 
bo nnn iiiaon ax nsv ,o”om onop n’ by ,ono>n mio mn»n nox 

.omoinn 

nnm’ n’ by ix ai’yno aimsn ,oim on ,oiox nxnpa noinn bo mom nms 
by manonb bin’ n90ono pmo ,*pyn) ooio o’oiox no -pyn ,n*myon 
o’yoio onix o’oioxno pbn by .(mmxbo pixn <pia oiox nms> >*r> 
(Cu) noma ,(Ag) <pn ,(Au) nnr ,(H) p»o ,(0) pon non nnnn 
.bbn o’yoio xb (Es) oi’i”ooi”x ion pbn byi ,(U) oi’amxi 
ix ,o”om om’bnan ^aaoo nox noinn bo nmm ppn pbnn xm oiox 
.mom bo mannn by noion nmm ppn pbnn nnnx o’b’on 

noxo nav nnmo nano anryn ,nmb ,mynpa noinn bo ai’omn mannn 
anryn nrb nr omiopn o’oiox bo o’ioo naooo nnmon nano ,oioxn 

.nbipbio xnpa nr nano ,o”om onop 
.noinn mama by noio nox o’oiox bo naim ppn ^mmn xm nbipbio 
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>pK*r>Kn wn P*no - 15 paa 


(o’oiok) nvtio> on (0) pom (H) ya>o ,o>o o>am> pom p>o ,PooP 

,(H 2 0) o>o Po npippio ama o>a>aao om 
naoiK nKr . 10 - 10 m iaya Kin oioKn oma .*tko ooop on o>oiok 
aiom wiko oPia ,o>oiok Po *i>*tk 1300 w> ,aom Po >9ipoiapKo n 9 iaw 
.aaaio Kin doo mPipPiom o>oioKn nK o>a>aaon ,imio>n aaoo ik 


vmiiN aaooi bion 15.3 

mao iniKo >io ,o>3wn nmom no )>ao anK PaP *j”on dioki oiok Pa 
.ooiaopPK ia>aooi ooiaomi ooioia9 iai vvm P>aon ,mo> 
ooioran *i9t>o >9 Py pa n>\yyi ,oioKn *j»o i>Pko mom mo ny>apn 
.oonopPKn a90o ik ooiaomn aaoo >9 Py kPi ,i>yaxa o’Kaom 
naana mop paopPKn nooi .poiaan nooo napoa mop jiaomn noo 

tr , .onoo nooo 

oiok .tnK 110 ia9 pa o> iPv pyaiao io>on oiok Km anna ppn oioko 
(n+p) >9 *raya ,pp ,aaa ,i’ya>a ooiaom n-i ooioia9 p P’aon anK 

.lo’on oiok nooo 

ooiaomm o>3ioia9n ya onop PPia) npmo m>K nP9aono ynao 

.n>oioK noo na>n> aninP *[>ay ,(i>yaiaw 
lon9 oiok .(C) pn9n oiok narya Kpna naaaio n’oioKn noon na>n> 
.12 Po n>oioK noo Pya nimP yap) ooiaom 6-1 o>)ioia9 6 myaja P>aon 
:K>n u-a aiy>pa moioon ,(a.m.u) moioKn noon nam> ,ir naain >3 Py 
1 a.m.u. = 1.66-10" 24 gr = 1 u 

.nP nno n)>K PaK ,io>on oiok nooP iko naiap ir nam> 
m P = 1.672-10 -24 gr :K>n )o>on oiok noo 

:Km p>on oiok noo ,n>oioKn noon naain >9 Py 


_ 1.672- Hr 24 
mH 1 . 66 - 10“ 24 


1.0072 u 


nioa mo .pman oioKa ,avu ,wonon nmaaioo aom moa amnp na 

?12 gr iPpo>o (12 n>oioKn inooo) yan 9 n >oiok 
:ppi 1.66-l0 24 gr Ppio )on9 oiok Pa 


N = 


12 

1 . 66 - 10" 24 


6.02-10 23 


.N A -a )oiooi rmiaK a9oo Kap) nr yiap a900 


:K>n inamm 


.pna 12 gr -a lonan >oiok aaoo - miian aaoo 
.P 10 nKapm aom nioa naaam nr a 9 oo >9 Py 
o>p»pPn Po rmiaK aooo nP>aon aom moa - P 10 
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Pn-pno mio - 15 pan 


!w o>p>pPn 6.02»10 23 !7 v noon mow nNt) noin iw ton Pio tw noon 
.M n -a moioo N>ni ,nn!no noo nNnpi (noinn iniN 


(M„) mnOion noon tw nOooon ,p0 ,N>n (M) nonoo *ioin moo noo 

.(n) oPion noooo 


M = n-M„ 


nail nmonaoo ,\nb 15.4 

moo :o>o*m noiOoo >Pn ,ti in Otu ,pyio ,o>ioo no in o9in\y nwn 
.iPy 0v9ion ^nOni nsoj Nin 10 nmonaoon ,noinn 
iPy Oyaion ^nOn oni ,t-o 1 O 0 nmonooon on ,v-o <inn nai on poi 
.n Pv oPion naoo n> Py m»aiNO noinn moo .P-a 
V = v(n,T,P) :*p itn nPOon nnniyn on mnoO po ,moono mm 

.noinn tw anon uniiwo nNnpi it nNiwo 
On >aib mw nwon ono noaioo ason nNiwo o>pyioi oPtu 'to mpoa 
.o>tin Oo >aiO nnti nowa nNiwon nNt noiyO oma .noini noin 


.nmonaooi ^nO mown oooion nnn ,nNiwon on oNnw oaP 

^n(715.4.1 

A-a man Pyia iPy noon on poi on .noo n*t»n> t>y ^yian nion Nin ^no 

:^nOn n>n» 

P = ? 


fP] = 


[F] _ N 
[A] ~ m 2 


:N>n M.K.S. nn>n>n nowa ^nOn 0001 na n*r>n>n 


o»pn 'pOn ,(atm) nn»aoiooNn N>n 'pan nnnoO ono mnai nn>n> now 
latm = 1.013-10 5 N/m 2 :niw Nini ,o>n oa naua 

mist 'jv noo no>n> Oy tin n» Py ^yaion man mn> "pt? ,ti 'to nnpoa 

.tin nN P’oon Nnn 

nmonoao 15 . 4.2 

imam innnin Oon ,oi>oi>n »no iPioO noion 1010 N>n nmonaoo 
n>nw>n mnina 0 >nm .ntn pnan -pnoa innami ,o»oaioo on mmoNn 

:nmonaoon Ow 

pom mo>n ,oo <piP oon <^no om nont p>nO tto N>n nmonaoo 
nm> nniNo pai ntn pom) oin nNopin noniN Oo mis miniNa poiyn 
<)iAO o»n ,’’np” <juO ”on” <|iio n>on nyi it mioiN .(nmno nN 
,nm> noioi Po noiooaoono <^uO nm> nmai Pw nmonaoono 


- 379 - 




’pN*r>Nn wn P*no - 15 pna 


>3w Pv nmcnaoon ,nn*T Pv laion .niinvo ,’3\yp *rnN <yuo nmy dim nnNO 

. 300:1 o’Nnn d’an 

.(nmvnaoo mno!; n>vno) nooionnn *Tdiv i’P3> imnp'jin *tnN int 
,*moP d’^n iP\y nmonaoon vnw ^x dv 300:1 nooionnn nN o’N’no 
nnnnn iop nooionnnv PPjq) nnt nmonaooP o> 3 »ao <iuni nooionnni 
nm nanwon nmonaoon ,*tvtoP onain 1 P 0 nmonaoon nNiy <)uno 
mnvo (PooP D’aoan) nooionnn -jini noinn nai .(^nn nmonaooP 
.<iun nmonaoo jin n3>*rP in>3 ,ii:> 3 Pva °v ,*pi A'w nmonaooP oNnnn 


3 >inpp v> ,oinn won pin jin yiipn pnNiion dPio N’n nmoPafaoi nnNO 


100° C 


o°c 



.oPia P3> o’Pmpo vmo *p pnimno iaiNi ,oPioP d>aiv 
Nin PNno’n 'pain nmonaoon 0 P 10 
d’on nmnn n*np3 mPyo 0 P 10 Nnpin nmonaoo 0 P 10 

.O’On P3> tJWlD NIDI ,(°C) OVOP2 
niP 3 >o oaN iNnp o’on pNa’p n*np3P 
iNnp o’on nn’jn n*np3P ,(0°C) ovoPn 
o»on pNa’p nnips nN ipp>n ,(ioo°c) ovoPn niP 3 »o ono 
nn>n> nNoP mmonaoon ’no yn dPion 
.nnN ovoPs nP 3 >oP mw rvt’n’ Pa .nno 


.crops nmuiann oPio :15.1 tps 


0 P 10 *nv ono into nNm , 3 »nn .pnPp 0 P 10 Nnp3 nnN nmonaoo 0 P 10 
nnm n’ 3 >*TQ n 131000 031 0 P 10 into pn3 plan *joon:i Pin , nmonaoo 
.pnPp dPion *t’on o’oonoo np’O’an o’mo’nn Pm .ovoPa 0 P 100 nnv 
noNn ,(°C) ovoPs 0 P 10 Po nn’n’P nnt (°K) pnPp 0 P 10 Po n*T>n>n 
.nPion Po oaNn n*np3 nv’apa pn Nin on’3’n Pnann 
nnv *tio 3 273.15° owa N’n pnPp mP 3 »o oPio Po oaNn n*np3 nnmn 
o’ ovoPu dPion nPyn PnPo nnoiN nNt .ovoPs oPio Po oaNn n*np3o 


DPlD dPid 


VllPp DVDPJJ 


373.15°K 100°C 


273.15°K 0°C 


0°K -273.15°C 



t(°C) = 273.15° + T(°K) :273.15° « 1 ’OinP 
1’iiPp dPio Pv oaNn n*np3 
nNnp3 (-273.15°C N’m/) 

omn.rn.mmv> |,ran '° ,nmn MNn Ir, ’ pl 

own owv^ nnnoow 

muriDDo^ !7iD> h*? 

.n mionMon 

o>on )m&p rmpi 


I’lVjp nrmnono D* 2 io :15.2 nvs 
o^mon OOHn ■vw'** nmunanu d^d nmu^ 
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>bxa>xn tin bam - 15 paa 


tx b\y laan jwiwd 15.S 

m io*iq)dd ,^nb :o”bxp>o>an o’anyn noibo pa o»o”p o”ii>oi onop >10 
aaon nxnoo nx nono oab , naypa onix axm .o>ioo ti bo nan 

.nbxn onopn oo nx naxnon 

pa *pan on> o> .mini ti nma bo nyiap nmoaaoo by onoio aoxa .1 

.tin ^nbi tin nai 

baai ,tin >*r> by byaion ^nbn pp ,tin nai nx o’bmoo baa ,u»n 
.b>yao xino ^nbn bai ,tin nai nx o’i’opoo 

nai nbaao ,o>yiap on tin nioai nmoaaoon aoxa ,nianx o’b’oa 
naioaaooa >ibn nt yiap b*m .yiap ban on b’yao xino ^nbm tin 
:(n) tin moan (pnbp nmoaaoon obioa imoi) (T) tin 
P-V = Ci(T,n) 

nno (Pi,VO tin bo *rnx ayoa naia ^nbn nbaao ,*inx nio’ia ,ix 
naioaaoono ’Kina ,tin bo (P 2 ,V 2 ) ’io asoa naia ^nbn nbaaob 
:mnon xb Ci ynpn tx ’a ,nnon xb tin nioai 

Pi-Vi = P 2 -V 2 

.boa pin x*ipi nt pin 

tin nsf 1*3 W*'WV* W r *W»a bo yiap ^nb by enow aoxa .2 

.tin naioaaooi 

.tin naioaaoo nb*ri ,tin nai nx o’bmoo baa ,n»n 

nai pa on>n ,o>yiap on tin nioai naioaaoon aoxa ,nianx o’b’oa 
(P) tin inba ’ibn nt yiap b*rn .yiap ban on ibo naioaaooni tin 
:o*rip naaino yiapn banno anx yiap ban int .(n) tin nioaai 

^ = C 2 (P,n) 

tin bo anx aaoa mioaaoom nain pa on>n ,anx nio’ia ,ix 
,tin bo (T 2 ,V 2 ) ’io a^oa naioaaoom nain pa on>b nno (Ti.Vi) 
rninon xb c 2 yiapn tx >a ,nnon xb tin nioai ^nbno >xina 

Vi V2 
Ti T 2 

.pxo’b >’i - oba>y pm xapi nt pin 
.’bxa>x timpi o>pinh >io nx noot ia o»pon ti 
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wn ^tio - 15 pis 


P-V = Ci(T,n) :*>ia pina tonoi ,niKnoim >jiv jik atwP na 

pa *iy» t?n> ,yiap ^a v> pKt?>P »A-oyvn pin >a tyv pvaov nKan 
nwfc ,p^7 ,na”n naitnanoa C’ yiapn Xv nPnn .nmonaooni naan 
C* = C(n)-T :nnKiP 

:aapn a>m 


P-V = C(n)-T 


,pKV>!7 »A-t?yvn pin ov mi P>ia pin oy m n>ap>y n nniwo 


:^apii .oqak *i>ayi 

P-V 

*-Y~ = C(n) 

:n aoinn moaa *i\y> on>a >iPn c yiapn ,p>t?m >a 'rw pi>ao 

C(n) = n-R 
P-V 

~ = n-R :)op3i ana 

:nKan mm nniwon im ainaP Aim 

P-V = n-R-T (15.1) 

.’PN*r»K xx 'xv anon dkiwo nnapi n nKiwo 


R = 8.31 


°K-mol 


:Kin laayi o>un yiap Knpm yiap Kin R 


latm 'xv ^nt>ai 0°c 'xv nwiaOoa ,xx 'xv lmole 'xv nmn mo :amn 
.(S.T.P -a ooomoi o»tmmt> o»kmi o’Kapj nann o>Kim)v/,: ; !;;:- 


n= 1 ; T = 273.15 +0°C = 273.15°K :dft OOinm :paM 

P = latm = 1.013- 10 5 N/m 2 


P-V = n-R-T 

„ n-R-T 1-8.31-273.15 


U 1 _ 4. & t * **»•••:• : i 

P" " 1.013-10 s = 


= 0.0224 m 3 =. 22.4 litre 


mano >jv fiKiivn mrya oa *ihiP po PK*r>Kn un Xv anon jihiivo jik 

:un 'xv oow 


PrVj = P 2 -V 2 
T i T 2 


(15.2) 
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♦bKantn m baia - 15 paa 


»bNTN n *ru aWi nNiwoa wow nunpy 

.pm ar>K aaoa >bKa>K n naNJio 15.1 dkiivo .1 
,o»iw o>aso ova « bv moa nniK an na^no 15.2 iunmt .2 

pi>ao M.K.s. nn>n»a vio>v by a>apnb v> 15.1 titoivoa vio>va .3 

.ibK nn’rva pm R o>«n yiapv 

, M.K.S.-o iiuiv ma>tva oa vonvtib po 15.2 siNiivna vio>va .4 
pa a>apnb 7>as .naj nanob litre-i 'pb nanob atm bvob loa 

.nKiivon n>s ova vovn na>n>n nnwv 
mby»a vonvtib aiVK pubp mbyo napo baa koi naioaeovn na>n> 

novbbs 

nail ^nb bv nn>n>n aayob nawaanen bv nia>mn aayo pa baann) 
o>k pbi >aia>n avp Kin pnbpi vvvbs mbyo pa avpnv ton 
,bvob ,m 3 -i litre pa avpn noiyb .nKiivon >a>a ova oaovso 
(tmiivon >a>s ovo asooso pi >ba»a avp Ninv 


ay .5 atm bv ^nbai 25°C bv naivn90oa ant? ba>oa nyoi u :’K PttAia 
bia> ba’on ok ,un hk oonb avaK n»aa>o naioa90o it’Kb ri . 

?30 atm bv 'pba aioyb :: 


■ Pi-Satm ; T 1 = 273.15 + 25 = 298.15°K ; P 2 = 30atm 


K>n nt aaoa >a ,15.2 nKiivoa nnam omn nKiivoa vonva 
. .ooiv o’aao ova n moa nniK jik naKno 


I 


iniK pw .o’aaorvova tint Kinv pi?ao rovo ii>k ba>on nai 

.atm-a ^nbn r»n>n> nK aotva .v- a 

PrV _ P 21 V 
Ti T 2 


T 2 = Tr 



298.15-y = 1788.9°K - 1515.75°C 


:pana 


■f WM 


i .I 


(27°C) anon naioaaooa 5 litre inmv ba>o *pna kuoa u 
nna ok ,ba’on p nainn iaannv> ia bio nna ,4atm bv ^nbai 

arms’ ba’on 


;»a noAia 

::asi 



Pi =4-1.013-10 5 = 4.052- 10 5 N/n 2 :on ooimn 

Vi-5 litre = 5-10 3 m 3 : T i = 273.15 + 27 = 300.15°K 

:K>n ba’on nn’na 09b ttn moa 

P-V 4.052-10 5 -5-10 3 


: liana 


P-V = n-R-T 


n = 


R-T 


8.31-300.15 


= 0.812 mol 
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un Pm» - 15 jna 


:’i’90iov>K 'pp kp Panan nn’iio iokP *pPn 
P, = 1 atm - 1.013- 10 5 N/m 2 

:K>n Pa’on jin’jia inKP .Pi’on lira ,nn moa 

PrV = m-R-T => n» = w = ~ 8 3 1. - 36 0 J 5 - - 0-203 mot 


jm’Ji9 09 P nn moa pa ornnn K»n nnnnono nn moa 

:nn»ji9n ’inKi Pa’on 

An = n - ni = 0.812 - 0.203 = 0.609 mol 


»bNTNn nn b*n» biy *no>n mron 15.6 

Pno Kipi ’PHt’Nn nn jikiiooP OKnna nn nnniiin jik iKJion Pnon 

,’PKt’Kn nn 

ii’K Kin 2020 ’jvok xx Po miniJinn nn mo iit’pa ikho nr Pno 
’moiooK ^nPa mini ,PooP .iko nnm nnomooai iko nmai Jii 9 ’ 9 ya 
.’Pki’k xx jiiAnmnP iko inp inino iinn jii 10190011 
xx inn nt’oi ,rm oiok nvnP mm xx noy 11000 ’O’oin nnon 
t>iD» Kim ,(He) omo oi’Pn ’oioko aation oi’Pnn xx 10 a >oioK-*rn 
o’nn an .’oiok-1*1 ik ’oiok-ii xx inn nt’oa ,niPipPioo 12*110 ni’nP 
ponn xx ik (H 2 ) p’on xx loop 102 o”oiok-u on o”oioK-*Tn ouko 

.nrP nr omop o’nr o’oiok 00 no (o 2 ) 
nnon jvt’n’ jik ikju ,nn Jinninn iik’hP P110 o’ikjio nniK toKa 
Po ini’ 01090 nnoP m o’kjio Pnono pioi .nPipPioa nn Po ’o’om 

.min oioko 

:p ’PKt’Kn nn Po 1 *t ion o’on miaiy tio>n mnin 
.mnr mPipPio Po tKO at 19000 aaiio nn .1 
.•poi’i ’pin jik nio”poi ,Jii’K*ipK rn’ii’noa myi mPipPion .2 
.ni’oo nini2 pK nn jik mi’iion mPipPion pi .3 
p Pa’on mi’pi mPipPion pm muon mPipPion pi mnoAiJinn .4 
. >09K pr JiiinKo poiPnP ni’oolK mnoAiJin 
.nor n 9 i mo 9 in po *72 , pinto mini Pm jnPipPion pi pmon .5 
jiym pPo n’oi’pn n’AiiKn P20 72 ,’009 nno mPipPioP pK .6 

• p!J 1 » I’lO Hl’OO KPl ,p 1 » 11 J 10 

mi Po ni’oon nil jioaii ,o”iii’n jnnii pko oa noi ,jiioo 9 00P 

.yiKn 

Po Pnon Po oion jnipio ,011019001 *pp onoion 00 jik way i’ioi 

,’PKt’K xx 
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>Pkt> xn wn Pain - is paa 


flMJiponpm \?io mipio ^nl? is.7 

ni 39 i Py ^nP a>on nP’yao ,*mo Pa>o 7 m nxiPan n Py> nonoo mm 

?mn ^nPP upon mo .Pa>on 
.wn Pv niPipPinn Py n>aipoiap>o morion -pno itn nPxwn Py naya 
.Pa>on ma>pa pwi Pa niyaiai mono nyiana mx^oa nn P\y nPipPion 
.Pa>on niaaa Py nn P>y 90 \y ^nPP upon xm ma>pa mn nvwiannn <pa 

.Pa>on a>p aayp v niamoa nyan m nnoow nnx nPipPio Py way Pantaa 
.mv Nin a>pa nivaannn >aaP nPipPion Pv >npn yann 
xapa a>pp *raixon a>aap awNa ,o>a>aa >awP nPipPion niamo nx pa 93 

.X-n a>aa 



.x t*jo **T»i7n lijnn runium y -psn '•npn ujnn -ratin t*pi 12 rfnp'nn munjjira :15.3 ir*s 

pa xPx .nnmen P*m nanvo xP ,n’ot>Px xm a>pa ni\yAinnn\y pirno 
Avx = ~Vx - Vx — -2-vx :pPl ,n3iva 

Aj$ x = m*A? = -2-m-^x :kw X a>sa >npn yann >ia>¥> 

py ma P>yaon ,a>pn no ait param ma px >a nip yan aiony \y> Y am) 

(nPipPion 

livaP 7ian pvaa mn mpn yann >ia»v fivav pa xm (-)-n io>o niyovo 

.a>pn aayp mpon nyiann 

f-At = A? :<)un Py Pyian <pn>oP nnv >npn yann >ia>\y 

P-At = -2-m*7 x 

:pp mwi ,iaivaa iaani iPaua mw a>pn Py nPipPion nP’yaov man 

* _ 2-m-fx 
F " At 

a>pn P\y a nova At jotn *rvoa myaisn niPipPion aatao nx way awna 

.v x niamo a>aa mix pP v>v 
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>PK*r>Kn nn *n» - 15 p*» 


v x *At 



vpa vnsnm m'Jip'Jinn 'n :15.4 tps 
."Tjtt i?-*3Dn anpn '•jvm nan mNunj 


y>xnP pr p>Qt»o pp n>nv niPipPion Pd 
13>k\u pmoi i>n At ptn -jvtoD *i>pp 
niKsm p ppi .non vx-At-o Pm 
:v x -At tram A inovtvt >3i>m n9in 

V’ = A-v x -At :Kin niPipPinn Pvt n9i 

niPipPinn dooo ii»n ,(p) un ni9>93 
*1900 i>d on>n kid ,na) n*pn’D 
PD>on nsj )>n) (N) >PPDn niPipPinn 

N :(V > 

/> = V 


p niPipPion ni9>9s nP9DO kw V’ >3vn*tn r\9in iinn niPipPinn i9on 

N 

n = p-V’ = y-A-v x -At :inuy n93D 


pi>DP iyu> niPipPinn p n>snn pi .onii’Dn Pd niyi niPipPinnvt pi>Dn 
niPipPin oynD i»Kvt *p *mn pp Kin n9in >niy) *ji9nn iii>dd p>^noi *i’pn 
niPipPinn 1900 pp ,(iP nP’Dpnn nK9ni i>pn Pvt niK9n *y*n KPvt niym 

:Kin At pt ivtnD vpD my*i9n 

| = ^v'A-^x-At 


:Kin >PPdh niDnvt id ,nnr niD *i»pn Py nP>V90 niPipPinnn nnK Pd 

p 2:m-^_NL ^ A = m-v X ‘N-A 

* At 2-V A Vx m V 


DW9 ninn ,iii>dd kPi Piiad hP n*r>nK n)>K nnivn niPipPinn Pvt nn>nnn 
kP) nysinn nn>noD niyi piD iP»kd niPipPinn Py PDnomP Kin n>yin Pvt 
n>33 Pdk .dddioq nmnn >d nr mpoD nymnnn nn>nnn >nn *imi 
n9*ryn kPP o’ni’Dn PdP nip niPipPinnvt pi’Dn ,(nn»p nymnn nwnnvt 
.mn>D Pvt kPi nn’nnn P*tu Pvt p*i Kin ,i»Pk t>n”nivt ymnnn ,o>it?n pi>D 

’DKPKpo P*m Kinvt v 2 nivnnn yiDn n> Py nn>nnn P*tu nK 

.(’iKPKpo P*m K’nv mv 2 /2 n’oi’pn nnruKn Divt’nD nKt ii>k*i) 


.v 2 -d ymnnn nn’nnn P*m nK poi 
PdP nip niPipPinnvt iivdo .X,Y,Z d’d’dd nvtiPvt vt> nPipPin Pd nii’nnP 
*rnK Pdd nn’nnn P*tu Pvt ypoon ,o’ioo pi>D n9tyn >Pd o’ni’Dn 

— — — :nnt nvnP D”n o’3ii>Dno 

2 2 2 
V X = V Y = v z 
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>*K 7 ’Nn nn - 15 pna 


:o>o’:nn to >yftn 'iv o>ynnn dido nvi Pton nn>non trmv pioo 

2 2 2 
v 2 = Vx + Vy + V 2 

_ _ _ _ :Nin jiPton jiyyioon im>non !nw nn 

2 2 2 
v 2 = VX + Vy + Vz 

— _ Pop) o>o>o*in t 700 myoioon nownon po p»nvn tPAOi 

v 2 = 3-Vx 


hn <yt7nnt7 po ,x poo nyinoon jrn’noo mn/w v x nn>no!7 on>>n) on 

iDNiwon »9 l7y .iiPton nvonoo x poo nwnon 

v 2 = 3 *Vx 

_ Popt7i 

a _ m-v 2 -N-A 
* “ 3*V 

Pyi9 Nin iPy noon poi non pn onm Nin t70>on *i>p ^y t>y9ion 'ptm 



:p!?i 
(15.2) 

Pv o» 9 iponp>on o’tmn bv nopioo po’on mon by 'pbb >ioo ubo’p 
*1900 bo o»9iponpNon o>bnAni pyoioon ojnunoi mbipbion noo 

Po>on r»93i mbipbion 

n>aiponp’o \»o rmpio nwiaos 15.8 

.(E k ) nyoioon ji>o)»pn n’AUNn niyooNo oa ^nbn jin Noob no9N 
:oiyo Nin Jiymoon n>A*i)Nb noon ,ji>oion on N>n nn Jibipbio iono 

E k = i-m-v 2 

nNSiJio moi’p n>A*i)N oa w> ,*ijii’ jioooio nn bw nbipbion ono onpoo 
.*ini> 70100 *T9in nooni o’oioNn po Jvon> nyuno nNOinoi oio>oo 

.>oion nn no p*i i>voy ,pb .opoio 
:bop)i jiyyioon moi’pn n>A*i)Nb noon jin oo) 


(15.3) 
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»*K-r»an nn 5m» - is pno 


p-v 


= n -(tM 


:mnK mm nn nKiwon n k ainai 


o>p>p5nn naooa 5aaio n oPion naooa aina5 pio N o>p>p5nn naoo hk 
n = n-N A :(N a ) vmiaK naoo ii”n ,5io 5aa 

P-V = n-N A -(|-E K ) 

P-V = n-R-T 


R-t = N A -|-E K 

F - 3 R .T 
Ek "2 Na T 


:5apn am 
K>n o>nn 5o anon jikiwo 
:poo 


:rmioon nn»>pn nnniKn oh mai 


.yiap 5*m Kin ono>a on»n m ,o>yiap o>5*n on N a -i R-o pono 
:k niKi 101001 ,)omia yiap Knpi nr 5nu 


. _ R _ 8.31 _ , J 

k " Nl " 6T02-1023 ■ 1 - 38 ' 10 Ok 


Ek = i-k-T 


.‘POO 

( 15 . 4 ) 


p5i (yiap Kin k >a) nmonaoon nniKa o>un 5 a 5 yiap Kin k-T 5 o *ppn 
mwi ,nmonaooa pm *tk n>i 5 n jmioon n’oi'pn nnniKno K>n mpoon 

.imoa >noi inoo ’no moo K5 ,Kino n 5a5 
:K>n nmonaoom nvmoon monpn nuniKn pa nopno mpoon 


.nn ni5ip5io 5o nvsioon n>oi>pn nnnjun 5o *r*ran K>n nmonaoo 

miiK 5o imK n5ip5io 5o nysioon n»oi>pn numKn mo :nom 
n ion imno miiKo nmna ,(27°C) nnnn mionaooa 

. ■ ?’5K*T>K «il3 




■ 


E k = j-k-T = |- 1 . 3 S* 10 23 -(27 + 273 . 15 ) = 6 . 2-10 21 J 


: li*mo 


*im ,ni5ip5ion 5o nymoon nno’pn n>viiK5 no K>n nmonaoo ok 
nooK >k n>5K nnnoo (pii5p o5ioa oqk) n>5o>no nmonaoo o> into 

.mm 

>5oo>on asoni ,n>5>5o nvn5 n5ia> ni>K n>ovp nnmKo K»n na>on 
nnniKno Kin (mayon i>5k y>>n5 noaK >ko >oniN>n 5m inr) nwann 
a^oa .oaK Kin (n5ip5ioi n5ip5io 5a 5o nnniKn on) nyyioon n>oi’pn 
nno nmonaoon p5i ,n>oi>p n'AUK p5 pKi mmno ni5ip5io5 pK nr 

.oaK5 
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>2k*t»ko nrr9*rt» 15 pna 


oinnnmo 15.9 

2o nnniHO oh Imo! wvfl ninyo^ tain pool .nnniK 2o mu kid mn 
,2ik .nit a o’on nlo nnmKn muo nmyol Din 0>p900 noni .nnyon 
?nmyon 2o numnn mow n>nn n>An3K 2w mu ipki 
>*t> 'yv nn ok o>oono .n mnii nuo li>o 2y nnoKn ooaui Imoi 

.q mn n>An3K mow 

nn ^nt> vbv oio>nn innl ,T 1 nmoniooii Pi ^n!?i nn n>n oio>nn >392 

.(15.5 nvn) T 2 -2 nn2y nn 011019001 P 2 -2 
ni>A03Kn oiioo minion ,nn 'yv n>22in n>o>39n nuninn ok 1003 
n'AniNn 2o *pyn n k okhoo pi’io .U-i mliplion 2i 2o m>o3>pn 
n>o>39n n>A*OHn\y mm .mini nmoniooi n nliptno 'yv nysioon n>03>pn 
Jinx nliplio 'yv nysioon n>03>pn n>An3Kn 'yv nlaion k>o nn 2o n>22in 

.nn ni 2 ip 2 io 12001 

Ui = N-|*k*Ti :nn>n otown >392 nn 'yv n>22in n>o>39n o>ai3ko 

u 2 = N-|-k-T 2 :K>n mown nm<2 nn 'yv n>22in n>o> 39 n n>A03Kn 

:n>o’32n n>Ai3Ko 00902 not nioyo2 p 9 ioo Q oinn 
Q = AU = |-N-k-(T 2 - T t ) 



TVpnnn nsn n 


oin n9Din .2 


•*9io nsn .3 


. 1*1 nVnjrtTO 2UJ n-Tjj’pn rrruNn mtliinl oru mao ti tiltrm :15.5 nm 

n32ii v> ii>2yn ip2m k2k ,niAO 13 >k 2i>on 11 ,00 nnpo 'yv i>oi3> noni 
oinn ok 1003 .(Kin moyi 15.6 nos) n2ipoo nniio n>2yi ,yi32 n2n>n 
n>33 . 3 >ao in ni3non2 2i>on nil 2n> nt moi .Q’-i nt nnpoi piioon 
in >30 *fi ,*tko >o>K >i3’o Kin nn 1012000 nlnn >*r> 'yv novin >i3>ono 
nt nnpoio 0102 .2po o >n>o moi vaoi vai 2n okuoa nlipoono iok 2 
mowno ,nnoiK nnt .o>no ^imoi o> 32 io nlipoon 'yv o>2y9ion o>nn2n 
.onipn nnpoi oio>nn 102 ynp non k2i ,ynp ^nli voiy nvv) 
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r*m>K« tan 'rrm -15 pna 




mPimn isn .n 


tm Tfirtrm .5 *mfiftr.* • 


.yrf?n -ran miin iranfti JiWpn nrhSiSi tfft'&t trHi'irap ytfn trtrtt :i^.1> 


:Km nr nnpna oa ,nn av n’O’ian nnniKn naom 

AU = |-N-k-(T 2 - Ti): 

apvo ay nmjmn ova noon n>A*OK tij&Wtt mmi na«n nr nnpoa ,aoK 

.ovano un arma naipvon 
W = F-X :K»n rAn n> ay nnvyw n*nayn 

naaaoa niaa no>an jik <panna yin ,nov irr>n>a man Kin ^nav pvao 

.A niaian nova '{nan 

P = x => F = P-A 
A 

>nannnn aaon pa niaian av omaAn vnon Km rAn ayio naaiKPv *fa*rn 
X = H 2 - hi :>aioni 


w = F-x = P-A-(h 2 - hi) :aapn n*naya >io>aa a>ai 

AV = A- (h 2 - hi) :Pa>on naj ’ii’va nnv A- (h 2 - hi) nPaaon 

W = P-AV :)Kab1 

im anAO Km .omaa nv nviy nanyoa oiainn ownv K>n niponn 
:Kin ono>a nvpn .naipomn oy maian jik r>roi rAn av nmnan n’A*OKn 
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>l7K*r>Kn «n a-no - 15 pro 


Q’ = |-N-k-(T 2 - Ti) + P-AV 


:np’oimoann a\y iwNan pmn nNapi uyAn n’aN mpoon 

- np’ojmonnn 'pv jWNnn pmn 
vnana nnv naayo *pv n’owan n’jrtjkn i>a©m 
.nna’a© aAja naayon n> ay nnvyiv miayni naayoa 


:aapi nnowa pmn ma’o jin oAarw on 


AU = Q - W 


(15.5) 


n©»# omn moa N’n q ,unn 'pv ji’O’mwi nwajNn naom N’n AU avNa 
.MTi n> ay niwyj© nmayn moa N>n w-i ,naayoa 


,w mnv) >iom .owo’to iiam uno’vn Nin nnowa oio’wa aiaaaa aipo 
nn aoNa aooa ,nn n» ay n’oym naiayn N’n mwn wniN© naiayn 
naiayn jin o>avno w”n on .n’avn naiaya naaAio dnt naiay .ovano 
pa ,naiay nniN jin oPapo w»n nwmin naayon n> ay un ay n’oym 

.n’a’a© naiaya naaAio nNr n-my .7190 lo’oa 
.n»a’av tnaj N’n nn ay naiay n’aim rmiv N»n ran a© rmav 
.’aw iivaa aaAin nr pi’a .naayon 3 n oiam om waN’n ,mrt wo’aa 
p’oa Kin Jiaayon ya NSi»n ami »ai»n p’©a Kin naayoa ©jam am 

.>a>a© 


:np’oi’aioann 3© iivman pmn 3© o’oi©9 onpo aaoo nnw 

3n in na’aon 10 om 'pv aayo )’N na© naayo - naaiao naayo .1 
.naayon n> ay in naayon ay n’©ym naiay i’Ni na’aon 
.AU = 0 :N>n mpoon© 73 w = 0 - 1 Q = 0 nr napoa 
naN©i naaiao naayoa Nuom xx 'pv n’0W9n nwaiNn :o’3’oa ,in 

.nyiap 

.mannnn iaao3 mrno piNa arm rAh ia 7»3nn - mrno 7>anji .2 
iniN3 arm rAn on .ywo N>n mrno 7>anJia anna naion noAian 
oa© 730 yaw ,rA jnoa ojwn ay 10m aa aoi©i ^na miN ,n93 
3a anNa ,rAn 'pv n>ow9n nwaiNn pai nyiap N’n i3© naioaooon 
:yaw np’oi’aioann 'pv ii©Nan pmn yo .AU = 0 :nyiap N’n ,airno 
Q = W 

jiaayoa wain oma mi© airno aaa Jiaayon n’ ay n’©ym naiayn 

.airnon miNa 
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>VS-f>Nn «bi p-tio - 15 pna 


niwmn nmvn irib) ynp ronyon nai *ivkd - yidp nain TPnn .3 
:ro*iyon Py rrmy in roiyon Po rrmy jw (15.5 n>a wnw 
w = o 

AU = Q .pDOl 

.roiyon Po n>noan nmwn iw Pnio roiyoP OiDin dinn Pd 

.Q = 0 :idi n>3N>*rN *ppnrt mpi nr *pPnn - din iDyo nPP *r’Pnn .4 
rcnyon Pd iw o>\yp mwNin .o’dtt ’hod nr *uPnn ii^’P po 
VNi nnm nimnon wmnn *r>Pnnn iywd nooni ttido pn>OD 
.nDiyon Pk nD>Dt>n p nayP mniyooo din hiodP pr p>aoo 
AU = -w :nNDn nnsn iw odiP np’oinioinn Po pmnn pinn 

pmD mw mooan noiwn m>v ’odn>*tn *pbnmv mow imr 
py moym mnwP p’OD naian N’no) n:nynn Py n>oyin n*myp 

.(roiyon n> 

rim man dud ovano n iond run nDiyon n> Py n*myP noin 
nmwn ,ooano nn ido 'vnxnx *i’Pnra ,pp .n>Dvn may noiy 
nnoiaooD n*rn> N>n nmwn roopn Pw nNmnn .mop mnoan 

.nn 

Pv >odNnN *pPniiD run ,iwr neiyp ,roiyon Py rrmyP nom 
.nn mioiaoo nP*n nnw *m>i nP*n mooan nmwn rai ,n nt»ni 

dond n\yyi nr >odn>*tn I’Pnn - din iDyo nPP moain niooann .5 

.n*my nPP n>oyi niooannn 
.nnoono dmno o>Pd>o oo >*p Py ,PvoP ,nr dso io’P ivaa 
p iDiy m d>PD>on oo i>d oinoo o>nma .pn oom n nPo inNn 

.pnn Pd’oP NPon PD>on 



in ,rrmij kY?i Din dd^jd n*? 1 ? inn 11 ni irurain iroumii muajann :15.7 irs 

.Mnvi *?:rn7 '‘‘JNniun 'arm 

Q = 0 ;>oiKnK -pttmnv ^xy ,m mpon 

W = 0 :n*my moyi nPo PPini 

AU = 0 :1Ndo 

.nn nmonaooD m>o ^w n>oam D’odn’dn mooannD 


- 392 - 





«n bTIO - 15 JT»fi 


pan o 


pna 12 gr -a pftan wk aaoo - miiaa aaoo 
o>p>pbn bv vrmaN aaoo nb>aon main moa - bio 


P-V = n-R-T 


Pi-Vi _ P2-V 2 
Ti T 2 

p _ m-v 2 -N 
3-V 

Ek = |-1cT 


:d>wn bv asofi axiivo 

:o>nv d»aao >ia « bv ason dniivd 

:nn mbipbio nrvnoi >aipt?npNon ^tibn pa avpn 
:nn aibipbio bw Jiymoori iw>j>pfi nnaiNfi 


.wn nibipbm bv ays won a»t>j»pn rmniNn bw non K>n nnwiao© 

nnv nanyo bw n>o>ian nuninn naoin - npwmwnnn bw pwnn pwn 
ma nanyon >*r> by nnvyiv n*naym na-iyob paiow own pa tnanb 

rma>ao 


AU = Q - W 


N a = 6.02-10 23 1/mol 

R = 8 - 31 &i 
k = i = 1.38.10-^4 


:pnaa miinv omin nn>n>i o>yiap 
:vmia»< naoo 

:d»wn yiap 
:pabia yiap 


latm = 1.013-10 5 N/m 2 


:>vaoioo» ^nb 



»*n7>no ran *7io - 15 p7a 


ni’oniN’Ji JiibNW 

?ra *0 noini 'pPn yn ovorn 7 opn ino .n .1 
?ra *0 0710790001 nam yn ovom 7 opn ino .7 

?mai7N 7900 inoi *10 mo .2 
?’*N 7 >no ran *710 *0 710m mnm po .3 
?n>9iponp>o 010 irtipao 'ptm ny 9 in* 77000 mo .4 

?mio 79 oo mo .5 

?om mo .6 

?o*mo vqh *0 07107900 v> yno .7 

?oi>o*n 071079000 irrm>7 15 .1 oniioo 7 oonvm* 71110 ono .8 
? 07 > 9 oioon 'pPn mm>7 15 .1 oniioo 7 oonon* nmo ono 
nmoi i’ii*p 071079000 mrnrn 15.2 oniioo 7 oonon* oo»n yno .9 

? 07 > 90 iooN 'ppn ni'ira oonvm* 

?>o7N’7n *p*nn mo .10 

?n7>7on p nrniQn n77yo7 n>oo 9 n rwunn >ia>o mo .11 
.ra *y n>oym nnnyPi ra >7> *y wsiin nniny* noan »/p .12 

091 Pan P7>07 ihin o>oono 7 ond ran Py n»oym ninyn hiod mo .13 

?ynp 

?> 07 n> 7 n *pPnn 7 ran Py n’oym nmyn niio no* .14 
1P0 071079000 mHvya n>o 9 in h>o7nhn movanra 009110 ra 70N7 .15 

117107900 01717 7 ai 7 n’ 07 K’ 7 K H»n moo 9 imn 7 onp Pin ,nynp 

?P77nn yno ,n77i» ran 

ronyo 7oN9 ,pn nnr 00 P7>oP 7 nN P7’oo >o9in piN 7 009110 ra .16 
77yon > 19 * ,Pd>o 7 ran 117107900 .ninon yo 1177170 o>P7>on >10 
nPoo Nino oonP ran *0 n>9ion 071079000 mo .T Nm oon P7>oP 

?o>P7>on >10 hn 

:n7>7t?no 11771700 H77yo7 yi7p 7wmP 7>m o>N 7 n mpoano nm .17 
nmo9 noniN (IV) 091 (ill) 'pp (II) nmo790o ( 1 ) 
nmo790on 7iao P 7107 Nsom ra *0 mPipPion Pd ni7>no ono .18 

?nno nnmo N>n .nnmN 

?nPo 071079007 n>iPn moyo *0 n>oo9n n>a7iNno 117 a ono .19 
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ftH-nnn un imn - 15 p39 


jwaw*n 

'h nai 

.25° c 3o m 10*190031 2 atm 3o 7033 mo 33’03 nsqi ’3nt’n u .1 
7100° C-3 mio*)90on on i 3 i3v’ on un ^n3 n>n> no 
.25°C 30 0310090031 5 atm 30 ^n33 OIAO 33»03 N3Q1 ’3N3’N U 2 
?io atm -3 ^*tai> un 703 on un 00100900 nmo no 
.V13p 7033 9100990 719 4 litre-3 2 litre-0 30A ’3N0’N U 3o in91 .3 
?n>9ion 001009000 »no .30° c N’n un 3o n’93n9nn 001009000 
30 70331 ,300° K 30 001009003 ,3 m 2 10910 33’03 N301 ’3N3’N U .4 

.2-10 5 N/m 2 
?33’03 n 3o o’3ion 3900 mo .n 
?33’03 un oi3ip3io 3900 mo .3 

'TV 70331 50°C 'TV n31039003 5 litre 'TV 33’03 NHOI ’3N3’N U .5 

.4 atm 

?33’03 U 'TV o>3ion 3900 mo .N 
?33’03 un oi3ip3io 3900 mo .3 

3V O’OOinOI 1 litre 10910 OIAO 33’03 0>01310 ’3N0’N U 'TV 2 mol .6 
.100 atm 'tv 7n33 ov p’tno 33’on .80° C on3o 0010090000 

?un 7n3 mo .n 
?un un oon3 ino 03103900 iun ov .3 

.4 atm "TV 70331 200°C 'TV 031039003 O’NSOl ’3N0’N U 'TV 5 mol .7 

?un prmo 130 33’on n9i mo .n 
? 10 atm -3 3 oav 7030 on un 90100900 nmo no .3 

?0”003100 0’NA93 ’3N0’N U 'TV 1 mol 'TV 0910 inO .8 
(latm ; 0°C :on 0”003100 O’NAO) 

>010N 30 ’3N0’N U 93lp3lO 'TV 9VH1000 O’Ol’pO O’AOINO >00 .9 

740° C N>0 ftv 0310390000 33’03 

»010N 30 ’3N0’N U 'tv 30N 310 30 933130 9’0’190 O’AOANO ’00 .10 

727° C 30 031039003 NVOIO 
.om 30 30 J 03lp 3110 33’03 NUOIO ’3N3’N U .11 
7U0 ’3’ 3V 9’OVIO 0313V0 ’00 .N 
7U0 30 9’0’190 O’AOINO ’Il’O 100 .3 
.20 J 30 0313V ’3N3’N U 3V 9’OVl »03N’3N 7’3093 .12 

?33pO UOO 0100 9103 ’00 .N 
7U0 30 9’O’190 O’AOINO ’Il’O 100 .3 
.20 J 30 0313V 7’3090 ’33 719 9V3301 OIO 30 50 J 903lp 933VO .13 

O’AOANO ’OO .250J N’O 933V00 30 9’930900 9’0’190 O’AOINO 

?9’9100 9’0’190 

7033 3 litre 3o 0913 5 litre 30 0910 ’3N3’N U 3 o 190’03 73003 .14 

.400J 30 OIO O’AOIN QA 03lp N10 latm 3o V13p 
7U0 ’3’ 3V 09OV1O 0313VO ’00 .N 
7U0 30 9’0’190 0’A31N0 ’Il’O 100 .3 
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>'f Ri*kn tati 3*nft iS'pts 


30*1 

.1.43 kg/m 3 n>ti (latm ; o°c) o»o*i*T3oo o>N333 poo 313>33 .15 

>(n33i 30° c 3o mioiQoon 2 m 3 10330 33>03 ni 330 poon ooo >no 

75 atm 30 

t°k- o i3o mioisooo on D»>mo on ta 3o ran!?3 *ta> nos >9 .n .16 

?3>i3p *ino3 tao 003 *ioN3 ,2T°K-3 
T°C- O 1 30 71*110*130071 JIN 0>3’*TAO ON TA 30 1303 3*TA> 7103 >3 .3 

?3»13p *1N03 TATI 031 *10N3 ,2T°C-3 

0°C 3V 7131033003 ( 3 *1003 310 30 01*T>0>3) Ol3lp3lOO 313>33 >710 .17 

71 atm 30 ^0331 

J113’33 .3atm 30 >(033 pOO 0.1kg O’ 20cm 03)3* *p1NO 0’31p3 .18 

.1.43kg/m 3 N>7i (latm ; 0°C) 0>>0*i*t300 O’N303 poo 

7TA0 N301 7)3 7131033007) >710 

.20°C 30 7)310330031 latm 30 ^033 TA 3>30 5 litre 17)330 33>0 .19 

3303 .71133 33’QO *10N3 100° C 30 7)31033003 *73) 32>071 JlN 0>007)0 
.0>03007in 7)31033003 310 101N 0>33p01 32’OD ON 0>3A10 717 
?010>7)7l >333 TA 30 0>3l07l 3300 1710 .N , 
?33>O0 33’AO 3)A33 TA 30 0>3l07l 3300 1710 .3 
?313>p7l 3T)N3 ,7ATI 30 >31071 ^030 17)0 .A 
>7> 33) t)7i>3>3 0>331710 4 litre 30 >307)1 2 litre 3o 37)N7i 0>33>0 >30 .20 


33>03 .4 atm 30 ^7l33 7A 30 2 mol ppO 33>03 .733 131 pp 313>3 
.6 atm N17I 7A7I >{7)3 ,71310330071 7I31N3 N3037I ,>3071 



?0’33>07l >30 33103300 >7)0 .N 
7313A7I 33>03 TATI 3103 >710 .3 
,3333)071 30 >3107) >{7)371 1710 .A 
>30 1>3 73371 3N d>3313 ON 
d>3O3N0 N3l 0>33>07l 
7313307)3 7131033003 


15.18 IT'S 


25°C 30 7131033000 >010N 33 >3N3>N TA 30 37iN 310 O’OOnO .21 

.60° C 30 7131033003 
77A7I 30 3’0>3Q7I 7l>A33N7l >13>0 1710 .N 
?3>13p 7)333 7103)3 *T>37)37l ON TA3 pS03 *J’3^0 01717) 3103 >710 .3 
TATI 71013) *T>37)37) *1003 ON 7A3 p303 *p*130 OinTl 3103 >710 .A 

710 J 30 7)3133) 

TATI 33) 3’03)3 *J>37)37) *J003 ON 7A3 p303 *l>3UO OinT) 3103 >7)0 .3 

710 J 30 713133) 
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w* 'rrra -13 pas 


liibNWb irawfl 

P =2.5 atm .1 
T=596°K=323°C .2 

T=606°K=333°C .3 

N=1.45 • 10 26 .a n =240.67 mole H A 
N=4.62-10 23 .a n =0.767 mole .K .5 
T=607.7°K=334.7°C .a P=5.87-10 6 N/m 2 =58.1atm .K .6 
T=1182.5°K=909.5°C .3 V-4.86• 10 _2 m 3 = 48.61itre .K .7 

V=22.41itre .8 

Ek=6.48 • 10 -21 J .9 
E k =3739J .10 

AU=30J .a W=0 .K .11 
AU=20J .a Q=0 .K .12 
U=280 J .13 
AU=602 J .a W = -202 J .K .14 
m=12.88kg .15 

(273+2 •T°C)/(273+T°C) >fl .1 2 >0 .N .16 
/>=44.52 mole/m 3 .17 
T=93.73°K = -179.27°C .18 

P=7.93-10 4 N/m 2 = 0.786atm .A n=0.163 .a n=0.207 .K .19 
P=5.39• 10 s N/m 2 =5.33Atm .A n=6 .a T=48.6°K=-224.4°C .N .20 
Q=426.275J .7 Q=446.275J .A Q=436.275J .a AU=436.275J .X .21 
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mrm nnwan nywn - 16 paa 


16 paa 

n&wo sworn nywi 


N110 16.1 

iiPpvSlSn nynjii ,onoP anon pnn bv au’on .nao’in an>n bv munn 
yopn jnaaaw nPN mvnn .mnnno myipp nwom p ppoionn fywa 

.awi aw wav Py annn anN nyun 
nyun nNapjn pn jwni pnnnn nvnn Po Jina nma yaoa nw»p 
,nn nynnn jin owxia won .unaPo paan Non N>n nowa nnwan 
mop nPipon jrrnjia in ,^>ap Po inapa nnPnn non Po nnynn aw>jia 
Po tnav aaono *pa N>n n nnnnn nynji Pw nmawn .pa otn Po inapa 
.nowa Jinwan nyona ,aio aia>pa ajN>nP pn ,vaoa Jivannn myain 
nynjin Po jioPia miaiw pvan Jinwann nyunP naaian ”nowa” nPwn 
wa ,n>yoN aia>N o> avwa .nnaiN aiam nPP nyun >nno N»n jinwann 
nvnP Jiaami ,nowa jinwan nyon m>np np»oan nyunn ,PonP *pa>nP 

.moian nnwan nyun 

aaon ami ,>PPa piNa maimnn nyujp awPta paan jin P>nm won 
* ra anNi pnnnn nywi Pap w>nji> jmaxnrw *ja ,n nyun natya jimxn 

.nowan nnwann nyunn on ownaP a>au aiayj 

immo nyun 16.2 

:Nan >Njnn ,naipn n*npj Paa ,o»*pno nao nynn N»n nnnnn nynn 
yiap pt paa nnNP <pn Po pnynP (pvaai Ptua) mw ,t po yxaa pnynn 
pt Napii ,«inn nynn PiPona nwwn nntpjn Paa mw mn pm paa .T 

nyunn Po aitnnn 

Po pnynn pnw Po o>awo o»aan no fa o»«sm waan - T - aw non p? 

.^un 


x(t) = x(t + T) :Nin pnwn .nwnnn nam 

Po >Ninn d”pjw ,<pn PiPona naipn naipj Pa >axP pai puono p>an 
nmnnn mwi ,nia>nnn - pnynn >ow >axP ox ,T pt anNP naipja p»iw 
v(t) = v (t + T) :nviNnn - 

set) = SCt + T) 

:ny«jin jmnn jin amnP pn ,nywnn bv annnn pt maxnn 
.nnN n>ioa ysan <inno o»awnnn aaon - f - nynnn ma»an 


:Nin jnanjim annnn pt fa aopn 
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( 16 . 1 ) 





jtoioo n’jinnn nyon - 16 jrw> 



-A 0 A. 

16.1 TTS 


Do Dnm noioan nojirtn Dy Danto 
,yAn *pA Do nyunn K>m ,nnmio nyon 
nin’p ooD pwoa .tid’d nyoon kDD 
’pin npon ,DooD) 1’oiDnD 0”0t?DK 
.(nin’p >Dvy pa nnp nooo Dy nyin mp 
>ao i’D nyiap nn’noa nyA nponn 
doao) nioAAnnn p nKainai .nin’pn 
11 VD DK pD nAOO N’D .(n’AT nDO pmo 
.(D’OA’p n’ADAK DO Dia’K J’K) nnyiAD 
.nyiAnn Dy aioi aw nnnni 


nno pnnoa onmn d’okd dk nnaA .nponn nyon ip Dy x-n nm dk nnaA 
I’D pD DaAio <)iAn 'w pnynn ,2A Kin on’A’a pnnono td .mn’pn ooo 

-A < x < A :-A -D +A 


Tim Do pnynn dk pAa dkdD na 
nponD nnno ana .pin Do nmpAiaa 
" n \ ID’dD piKoa yuD nD p’A ,n”A nymn 
/ j~P /\J1 oio»a ’Da nanai .nponn nyon 

/ / ©\/ Y/ pin K’n nDapnnn nKsinn .nponD 

Q pAn Do x-n nmo pmo .opiaon 

■* - nm mr pD) onpno pi-no Ddd onpno 

T3n nuun inn oip>on dkido id pwon nmai (t pi-n 

16.2 IT’s - onmn d’okdD onn <pAn Do ’yinn 

.x(t) Do mm dik’d ,pD mi- .pnynn 
ins .pin Do nmpaiaa tiad Do pnynn dk (nnoua ik) pad dkdD na 
P’l .d’du-do nyian ’nno pmo .nyiAnn dik’dd D’dda yAD ni-’Kia o’DnnD 
pro nnnon nD’nn yAD pDi ,<poi nDnnn nD )>k iD’kd n’DK on”nnD 
D’nna ’do o’DnnD t’dd .iadk’do oio’nn pn’oD on»nna ,ik .lAnn’nnD 
do’ ip oio’dd ’Da n’mo .aainoo ia’k D’Dado pi- Da .n’on D’Da dk aaioD 
x .pAn Dim D’nno (lAnn’nnD pnan) nnnon nD’nn yADa .Don Dy ’dak 


16.2 tps 


nayon yAD dk ,DooD ,nniA ok 

/- -- -JL -_S,— ,i>o’ imaD nyiAnn .onmn d’okdd 

t=o yADa .nyiAnn nano nD’nn yADa 

-A -...-.Nr.--—:— ,(x=0) onmn d’okdd kdoa <)un 

N16.3 ivs .’K16.3 Dima y’QIOD PAD DK DnpAI 



DD’DO DK D’nnA .DK1- DOiyD ,OK 
Do DDi»a D’DKoon nmpia nyiAnn 
nnpaa k^oa <i^n t=0 yADa .nyiADn 
1 DapAi ,(x=-A) Dom’pn d’Dkood 
.’ ai6.3 Dima ymon pAn dk 

'316.3 ni’S 
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noioa noionn nviin - 16 pna 


Kn .nponn no nviiJin amoo jik nKJio u’k option <pino ounna awn 
amoo .’iai n>wn roiiKa -mm mpa mona n>ma v>i9n <px pa nKino 
.pm no n>vpji9a pjivnn no wojio niK>n Kin <pin ,no> ip Kin nponn 

>• X 



wav ,<p>n p *mnon pr jik Jiimn na 
jinmoni pjivnn paw jmipj ’no mnO 
t .o>iw (pin vi9>o u”n) 

*rov ik ,pi’-i pi jmipm *tos noon 
mo na pa pm .p 2 ’-i P 2 Jmipm 
.T mmon pv *r>an Kin mm jmipi 


jimmo nvim niK’jia ,*ini>a no wan jmnnon nvimn *hk’jio wav navi 

.now9n Jioionnn nvunn K>n ,*ijh> mamo 


nwv>9n ji»5P*inn nyunn n*mn 16.3 

nnoa naion nmnn nv najioi ,now9 noioan nvim ’no nmw 09a 

.^>9p nvaona noo no nvimn K’n ,noionn nvima 


v=0 


m 




m 


Vmax 


■mi 


m 


v=0 


m 


m 


16.4 TPS 


jnijjj 

’-ivui 

apron 


1’Ki pia’n vko *ya ,pan nooono mo 
.nvunn jik pnon onu 
,nanvon jik onnnooi ^>apn jik omnio 
.awi -pan nnojina narnno in 
>*T’ av av9ion nia nvaona nvi noon 
jnipia I’O’O JiKVOi noon *wKa .^>9pn 
Kni) aKOo pi>an nan nvi9 ,apoon >iiw 
noon noKai ,(jnn>non pi>a mo moo 
avia ,apoon >iiw Jitipia aKooo pksoi 

.p»> pvan man 
:K’n mwKn mpoo 
.aponn >n>o mipia *r»»Ji piao man 
.n»mo nia Kipi m nia 

pnmo <pino aaa nni’ nam nian noviv 
,pin pino .apoon »nw mipio nni> 
o’vni’ omK ,^>apn nia jik nKiion 
ik) nuio ^»9pno pnnon pa onmo 
P = k-l :Kin man noaiva ('■piao 
onnn jiwKn) no> on> Kin onm ,0’>n 
.(apoon >iiw mipia nnnai 


:K>n noo mpoo 
.man nosiv pai apoon »n>o jnipio <p*n pnno pa no» on» o> 































noioa a>rrtt*Wfiy>»v - i6 paa 


nyuna o>ym o>aixn Pa 7 jiio>>pno .'papa mo»pnon ,nPK nuian >no 
•7ixn Py Pyian Pipon man Kin ii»yo niiiann Pya niano >Kina ,n>noan 

.>3ioan nia Kapi no Pipo mo 

:n>i loann nyiinn rmxnP nPK nuiana oonoi 


ksoj iPaixo ,a>tno >1 po ma nyaona yi oixn ns nyun K>n ji>n»nn nyun 

.Ppoon >n>o impio oixn pnaoP no> t»n>3 


:Kin it nanxn Po >oono nio>3 



( 16 . 1 ) 


7 »on *p 9 n mano aoiKn ,(-)-n p>oa nKoano vtno ma into nnniyn 

.pnynn iivaP 1111m 

jiKoano pnynn P*nxi Pipon man nomy )>a a\y> om o”pnow nnniyn 

.x Po nnoKan nptnn 


hk nnno Kim noioan nyun Pan o»pno pnynm Pipon man pa nr nop 
. k P ik noioan nyun K>n nyiinn OKn nyopp imonpn 


.noioan nyun Pan o»pn >PPa ma viap im .^>apn map ii»k k mapn 
mnK noioan nyiinn PnK ,^’apn mapP mw mapn ,7’ap Po nnpon 
K man yinp n>n> ,Pan napa miPnn noo nyun 10a ,(7>ap PPaa na )>ko) 

.nnpon omPnn ,onoPa o>yiap o>Kinn oPn 


nyunP o>Kno m pn ,^>ap Po ima nyaonn nmina 11a ana 11 paaa 
Py Pyian Pipon man .nnupn jinn Py nnni .oionn Pipo ma Pa nyaona 
:naiKna noon nPaaoP 71010 Po oon pinn >a Py ,nno ^un 

EF = m-S 

-K-x = m-S :nopn o»pno punan ma Kin Pipon niano pi>aoi 

:K>n oionn ma nyaonn naiKnno 7a 



( 16 . 2 ) 


K>n\y 7a , pnynn pi>aP non naian oionn ma nyaonn yin 71X Po naiKnn 
.(oaKP mio mman Pipo na nmpm ox Kino) on>an n>oKn )ii>aa n>on 
mio naiKnno aiaa) oaKP 0010 naiKim 0x1 pnynn ox o>a>an n>oKnn 
naiNnn ox ,>Po>oao pnynn pa napn nmpini ,(EF = o ,aiOKa ,>a ,oaKP 

,n>Po>oao 
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fwwa n>aaoan nyaaa - 16 paa 


rwwa nyuna piiynn 16.4 

?pm 'yv nnpaaaa .noawa n>aaoan nyaana yan <iu Pv paynn nanwo a^’a 
nniN a>Nwaa .naauaa am ya> nwaaa ,n nPNvP nNPon n>oonon nnaann 
N’naw >aaP .naawian Pv nan atN’na pa ponoa aanaN .plan <ptn nooaa 

.nnaan x'y'y nnaN 

,oawn a>wao «)np onano onv .nnatno nyaanl? naawNan nmm aa’Na 
paynn <pi Papno ,pm oy nyav a>a nyaan Py aoap’o ax ooavon 
<pi Papa> .'papa naavpn nooa non pno aana on .pm 'yv n>ypaaaa 
hn*i nanpaaan <pi ay) .oaanaapn nnpaaa in ,oaa>on a>ypaaa <pia nnr 

•.?* ^ .(aaon poa naoa 


A 


-A 

__ J 

a 



in ou’o *101 qu isr ,nuj t* - *! ninsn “ju ,yapa muupn non nrrun mum :i 6.5 tps 

.mranp 

oioo’on naaapaa ,anN asa >ao>oao paynn pa ,<vwa oao>oaon naaapa 
.apwon na’w naapao maw pmoa p pawn *m >ao>oao paynn pa ,<pia 

.nyawo Napa nt pnao 

anapan >nwo anN aa i>aa apwon »aa>w naapa in pnaon - A - nyavo 

pan aabooa aa>aas>pn 

(Amplitude na>on aw aas’p N’n A aaNn) naao>aaoN oa riNapa nyawon 

na . +1 -'y -l va pnaya naaaAao (cos) oaa’oapna (sin) oaa>on aa>ypaaa 
.A-a cos-n aN sin-n nnpaaa aN anana *jny -A-a +A )>a n>n> paynnw 

.nanon na>nn yiaa pa Nan p>a>a aaann ananpaaan >nv va aaann ano 
Nan <pAn ,onnn a’WNa aN aaaay noonw yiaa a’wya nanon na>nn on 
aNyna noon awNa a>wya nyaaan nano nPnn ONa ,oaa>on nnpaaa aaaaa 
oaa’oapn anpaaa aw Nan aapnon ^ain ,nypn naaapao nnNa a>yin 

.(Twona a>o *pa aaonn) 
nnpaaan 'yv -pyn no ,anN yia aaa navyma naaa> nanon nPnnv paoa 
'yv aaa>wa wonwna -pcnaa ,ar»N aN oono naaw n>n> nanon na>nn yiaa 

.nanpaaan >nw 
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noiva n’lionn nyim - 16 pno 


, cos(a) :a no*it Pv nnspua pm-m sin-n ni>ypii9W pipjP awn 
Tiiyp p *i x>n n>mm ,po’ ipn nyiin x>n n’lionnn nynnn ,Pox .sin(a) 
>i\y i>n npon Pv/nnirna nynnP uxono mm# iop .’dodo iin’h 
A’ tn ip Po n>n >oonon *nx>nn pm ,nv» ipp nn’pn yi nyi nponn ,nn»p 

At 


:Nmptn Pv n’ypnrn pnynP no’nn ,(n 90 ip nnpinn) n’oono ni’noo 



(16.3) 


yin ,m mooo on Pv ,imn P\y n>ypii9p pnynn nx mxno it nxnwo 

.K yiop Pyp ’iimn nip ny9\yno 
:x>n nxiwon oon’ono nnx Pi P\y niyooon 
.pnynn Po ’Po’opon *pyn - nynoon - A 
.n’limnn nynnn Pv man yiop - K 
.<inn noo - m 

nP’nn ymn onn oip’n jin yoipn riyn - nmPnnnn ymnn Ji>m - <p 
.o’in’tip m-roi noiomn nynnn *nx>nP nniN nwooon ji>mn .nnnon 


.16.3 nxnono o>y’9inn o’pny mo noiPo i’p PnonP o> 
.nPv nyim Poo o>nt vn>i ,no*iyon Po o’yiop on K-i m o’oiyn >iv 
pnynn n» Py o’yopn n>9>y9on nynnn Po o>ynp on <p-i A o’ooyn no 

,v 0 nmPnnnn nvi’noni ,x 0 ’nPnnnn 
.nynnn P\y yx*n yn Pm oonoo t-i x o’ooyn no 


on”ni nnix .plan noonP *i>xoi nmPnnnn y9inn nnito o*mo pn 
nP’nn n*npi noxo ,ninoP o’oioq onw o’niy’p o’pyo ovP p*i ,ixo 
.o>*i>yn n’vxno x>n nnnon nP’nn ooxoi ,x=a nypn mipio x>n nonon 


onun n> Py yop’nP Pio’ u>x ,nt’*ran nP’nno nooyon ouo ,n*ipo Ppp 


x(t=0) = A-cos(ip) 


•oaxP nno ntn ooun t=o ooxo >p 



•t 


:pp ,nno pnynn ntnon nP’nno 


*inoi ,(x=A) PiPoon nypp nyuo noon ooxo mnon nP’nn nx *inoi ox 

x(t=o) = a-cos(O) = A :txi cos(O) = l :>p ,0 nvnP yaion nmt nx 


:*jp pnynn n>ypii 9 nx pmpP Ppii ,x=A noipio mnon nP>nn Pw nnpoo 
x = A-cos(^-t +o) = A-cos(^-t) 
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noioa nyun - 16 paa 


,(x=0) onnm imna m noon -iokd rrmon nOmn ok inai ok 
:*ki cos(-tt/ 2) = 0 :>o (-90°) -tt/ 2 non!? yaion n>m dk onaa 
x(t=0) = A-cos(-tt/2) = 0 

>ao OaK ,tt/2 'tv nm^nnn y9io non- ox imaO *io9Ko miKoO nK*o) 
(.>aima n>mnnnn nnmon pm noma jik nimo it noma ,700 m nKoio 
nnpm jik awo^ ,p!7 ,0ou ,o>oo»n n’OKoa nonon n^mn 'tv nopoa 

:nKan nom pnynn 

x = A * 00 S (VI' t “f) =A ' sin (VI' t ) 

( cos[tt/ 2 - a] = sin(a) mooewanon nmta wonnvn) 

H I I1 1 1 411 141 HI II H 4 I Wf f 4 +44 4Tff 444 4 14 4 4° 

-A 0 A -A 0 A 

X = A - Sin (>/I' t ) X = A - cos (\^|- t ) 


noipi ik onnn n’OKo ni’Ko ,mnK noipja n>wso nonon nOrnn ok 
* pno ,nyooon ow’n oy on> ,n»ntmnnn yainn non jik aonO o> ,mp 

.t=0 yaoa niomoni pnynn 


:pnynn nKiwo5 oomm 0o jik o>oooo oun niKiO no ,noan Oy Oonoi 

jik o»o>oo .8 N/m lOw 7 >apn yiapo 7 ’apO mwp 2 kg 'tv noo :nmn 
.onm Opoon m»v noipio m>o» 20 cm ^»apn 
nono nOmn ok ,yarn 'tv nnpaiao pnynn 'tv >io>an mo .k 

?noon ovmo yaoa Km nywnn 
?novww onK0 0.3sec noon nmn pm .a 

m = 2kg ; k. = 8 N/m ; A = 0.2m ton 0 * 3 imn :pono 

ji»w ,x=a nspn noipia nm yotn nono nomnv pmo .k 
:Kin pnyrt? oo’an .<p =0 :oaKt> mw nmtmnnn yaion 

x = A-cos + ..¥>) = 0.2.cos( N |.t + oj = 0.2-cos(2-t) 

yotn jik anno v> .pw yaoa noon pnyn jik m'm'r no .o 
x = 0.2*cos(2*0.3) = 0.165 m : pnynn nnoua 

.onnn n’vmoo 16.5cm ksoj <iun 

:noano ii 0 o>po nKmnO ovpn niawn nnyn >nv 
*o>3Knoa cos(a) jik ovnO niooO iiok .1 
noipio nOmnn nyonn ok p» 9 k ,onnn n’Ymoo oon oooi pjiynn .2 
20 - 16.5 = 3.5 cm :K»n 0.3sec 700 a ^un nvyo *y*nn .nap 
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nowa nvii« - 16 p*w> 


Tn’jprm ronin 'yv -tfiK *nm» ino 
finmoni pnynn pov niomo nrnpi >w V9rm pnynn tonoi ok 

pnK 'yv *p*T “Qiv <inn ,ot>v *mno ^'y now dk*o ,o’iiy> (<i*un yi9’\y) 

.J11V1VO 

*mno pt yoo 'yv pr *piK ,on>^n n>vK*n ony <\n oiy pnn p ^vry'y 
nr) onnjn «>vk*P muP *ry mno »i *ny ,nspn mipp pao iiirw *rv 
pn ,(*TiQn p>oo jm>non Pik ,nnr ojqk pipnrw poo obv mno o>k 
rmno 001 inno pn ponPi ,nm/n nspn rmpp *ry *mno 



-A o A 


minion mis “juj -pi Tn*rt «pan nun win iPJinm noun *?uj itth ninn : 16.6 ivs 

linow >io>aa y>m?5 ok ,p!? .(360°) 2ir P> mnwffl cos-m sin-n nop}i9 
*ir»Kt> pnvnn >o ,2-ir-o pirn !?m nvrP ins >ioon T pr inKP ,cos-n 
tnwn t+T pr *imk! 71 t pr imp pnyrP ooon jik divju .nnr T pr 

:onoo 


A ' cos (V m 1 + v) = A,cos (V m' (t + T) + v] 


:2tt Kin cos-n lino >io>oo ytonn 


[\^I- (t+T)+ ^]-[\fI- t + v, ] = 2 ^ 


K T _ , , 

— • 1 - 2‘it 

m 


Popi ,o>iwn o>*io>kd orans onKt> ,ikoo 
: pt? ,kid npinn P\y mnon pr 


T = 2 -W? 


(16.4) 


:k>d 16.4 okiwoo npnaon ropt>on 


nyunn njnwaa >Pn ij>k noimon nyunn *jv mrnnn pr 
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nowa noioan nyuii - 16 paa 


,omt o’n>ap >w ,naw pnao *fwo 3 okw ,K>n it napoo Pv niyooon 
*rnK 'id'? npw ptn ,on>ao dk aanoai ,nnr noo naamo on’PKo 
naiaK *p*T nmn ono ihk!; oaoK *nnr Kin nnK anno nwy^ o’^’apno 
n!7bAai ,^’opn !?y n^yian nsiKJin ,ani> nino 'fapnv ^Aa aaK ,aiayp anv 

.ani’ nbm K>n ,^’apn yno n>^Kv nvnnon 

no>an , 16.1 nKiwoa on>a>a onwp (f) jiianuni (T) airnon pn anKO 

:Kin manna 

( 16 . 5 ) 


x = A-cos|^?-t + p'j :bapa 16.3 nKiwoa16.4 nKiwo UK o>aaa ok 

.u-a poa >io>an nKi maAyon nyiana naipov naaAna vonva 
: o>Kan onvpn dk aapa na ,16.1 nKiwoa oa vonoa 

(16.6) 


aaK ,n»mm annua K»n w av maipon nnatAn oaoKv ,n>nana awn 
nyiana n>n»OK mnt pO na niyooo u-a )»k maioan nyian aw avpna 
nmtnon naiann jik pa nKoao K>n Kt>K ,(av> ipa ya <|iAn >a maioann 

.cos-1 sin nmooiannon nmpaian aw 
.mnnir niann w-a Kapa ,maioan nyian aw awpna oa ,aaK 

nyiann >yiapo maw> ,w-a >io>a pia 16.6 nKiwoi 16.4 nKi wo )>a awpn 

:m-i K maioann 

( 16 . 7 ) 


niawpn m>yaa ,f niannno anv naan mwiow ,w mmmn niannn 

.maioan nyiana 

:nKan mm oa iway ana>na ,16.7 nKi wo natya ,naia> 16.3 nKiwo 
x = A*cos(wt.+ <p) (16.8) 
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nowa mnoan nynn - 16 paa 



nnwa irwmn nyuiii pr»vn iwsina o’b’iin pnnaa jronpy 

A , w(K,m) , <p nyunn *piNb o>yiapn o>aayn y>n b>aanb awn .1 

.t-i x yiai yxa baa oonvon o>aayn i>ab 
.nyavoa o»ibn oi>n ,n>n>mn nia>nnn m pbi ,annnn pt .2 
t?n>a ,n>noan nynna ym *)ixn bv ioip>o jin naNfio pnynn nnoii .3 
.nynnn jin <iwn b>nnn p»no nwo Nbi ,bpiyon >nw naapib 

.nmbnnnn nvamon p>aa Nin nbNvn bw >ai>nn pnan A 
naipino pmw naoiN iwcr) bpv/on >iw mipi >axb n>aoo>o nynnn .5 
.-xi ntipib o»n>sn nwNao prb mw o>a>an nwNab xi 
ono d»iva nynn bv d>on d»pbn nyaaNO aaaio obv anno .6 
N>n nynnn dno d»wai ,n>bo>oao ma>nnb nnono N>n nynnn 

.nnnob n>bn>oao nia>nnn 

>a cos(wt) dy >n»aa anai x=A nspn naapia K»n nynnn nb>nn on .7 

ip=0 

sin(wt) oy >it»aa anai x=o nwNan naipia N>n nynnn nb>nn on 

<p— —7t/2 >a 



111* ibw x’Qpn yiapw :lppi«ppf 4 kg % noo onvip ii nom 
.onanvoi 30 cm 'I’apn jin omnio ,pbn novo bfInion 
?nynnn b\y aimon pt mo .n 
nano nbmn on ,pm bv nnpnaa pnynb >iv»an mo a 

?rioon manio yiaa nnwyi nynnn 
?aianwn anNb l sec ^nn n>n> p>n .x 
‘ ?bpvon »nw naipib napn mipio <pn yu> pt noa im .*r 


m = 4kg ; K = 16N/m ; A = 0.3m ; <p =0 


on o’linin 


:x=0 am ,bpwon >n»v naipib ay pm jin Nisob na a 

0.3-cos(0.5*t) ==* cos(O.S't) ¥0 =* 4 = ? =*# t =ir=3. 


>iiw naipib ayi napn naipio pmv p»ao ,n*ian nawn 

.annon pm yaa Nin , bpwon 
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nowo amain nyiia - 16 pna 


.4 sec *mn«n ptw amonn nyua 3 yi <) 1 A : *a awn 
?x=A/2 mipp m»pn a*npio <iun y>x> pt noa *pa h 
? x=-A/2 n*npp nspn nnpin <pn y>x> lot noa *pa .3 
?A/2 n*npp Ppwon m»v impin <)iAn y»v pr nos 710 .a 


Silil 


a*npi3 tnnab ,o’3vn» mm anv nyuan p!mv p>3o m 
§> = 0 :oaKt? mw a>aVnann yapn a>m ,nSp 

■ = 2*7r = 2 -t r __ it Rad 


2 sec 


■■ 

ffe •.. 


:n>h Jiwmn nnnmv 


A*cos(uj*t) - A’cos [ :K>n pnynn mow 


:x-A/2 W ,A/2 trnpft *ty pm ftK HlStf? ns 


A A 
= A-cos 


(rO > TOS '••‘) 2 

.«. 


, 7t . TT 
1 ==? 2 ' t = 3 ’ 


. 2 
t =3 sec 


urn ,ay*won >sn aM nnyt> vmn ptrw 3 t> o»«P awn 
mm reman .aynvon Pd oh mayp vmn ptno a>sno 
an>no o>*i>yn a’VNiP onpn nyuan yopa .an>nn aiw 
■|.nm> nsip ,pp ,Nin mn yopn Pv ptm ,nai» nPm <pxn 


>w>33 voavi pPt ,rrepn a*npj3 P>nao m nyua pPn m .3 

. m pPra «H3Kw paynP 
:x=-A/2 3’33,-A/2 ntipiP *ry ptn a« tmoP no 


A-cos||-tj => cos ||-t| 


a*np33 P’nao .oovno mm a«w nyuan ppnv p>Db 
.-it/2-P mw a>aPnann yavan a>m ,Ppw»n nvw 

.mm paynn nnoii 

x = A*cos |u't - || = A-cos ||-t - || = A*sin||-tj 

:x=A/2 ntpin an Wm 

I 1 L 

111 2 


■111 

111 * 


p>- = A-sinf ^ 


(r 1 ) sin (f-‘) 


Tt 

6 


1 


t = , sec 


A/2 nmpp nspn aripxo prnv p>do ,noas nnsian 
A/2 tmpin p ptn *nyi ,{m-3 vmsov) t=2/3sec 
pm >3 ,’A-a uNsnv) t = 1/3 sec Ppwon m>v n*npiP 
mipin p ptP ox mw A/2 nnpjp Ppvon >a>v ampp 
.(l sec) nnno pt yonV mw (Ppvon >ivv a*np3P A/2 


:)nao 


1 . "if . A"k i, , _4 

"a / **t “ a :: :::::::==^ t rv S 0 C 


if- 
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nowa joaionn nyun - 16 pna 


n\5wa"fi»3itnn nytihi nn»n on 16.5 


?pnyn7 nvonon n>Pn ns >7 
.12 irm iinn>9v noniNn Pipnn oonoi ,n nPNv py rmyn >73 
.noionnn nyonn *pno:i po>7 mPnno mono itovun >n\y 
noionnn nywnn jvos> 'jv mpoi mnKn joPk>sjoi 9 norox \y> 7 nx nso 
.noon jmsoin ,n>oop norox yo 00 7201 (PooP ,^> 3 pi) 
ton !nx ,ioool>x ioPx>sioi9 n>inix x>n nPx’Sioi9n numxn ^>api 
non pp oomo.oionn mP nPx’SioiQ numx nmnP po n>on ,nnpo 

^>9pn 10 iP yn>o 

nnnix x>n rmyon bv nonixn Pd ,nnuo3 noon noxn ,nspn nmpo 
to Ppoon 000 rmpjn nPm noon noxn ,(’X16.7 70 s) nPx’sioia 
ToxP nwto rvnpiai (’A16.7 nos) jooop nonix x>n nnnyon Po numxn 
.(’716.7 nos) nPton nnmxP mw pinoo nomx Po nP>v v> PPoon 


v=o 


mrnmm 


m 




Ek 

U 




x=0 x x=A 


'N 


'2 


'2 


vap 'Jtu mpm □'■nmn irjimn ranjim rpmi* mun : 16.7 tpx 


Ejc = i • m • 0 2 = 0 
U = i • K • A 2 


:nvono yn ,x = ±A nspn nvnpia 
:oPo>odo x>n nOx’S3oi9n nnmxn 


E = Ek + u = i • K • A 2 


:x>n noton jopon nunixn 
:nyonn *pno ton movi n nono nnmx 


E = i-K-A* 


(16.9) 
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JW1VA fl»lMl - 16 p*io 


:n>PKnii©ta nuiia \>h pPi ,>ia*i >papn Ppvnn >u>v irripia 
u = i - k - o 2 = o 

Ek = ^TTl -Vmax in’PG’ODQ H’D Jl>01’pn D’VllHn 

E = i-m-vLx :«m ti’PPpn ii’ipon mniKn 

:Pipi nnipin i>n n’PPan rnipon n>;oiKfi ii’iiiuo 

^•K'A 2 = j*m*Vmax 

:Nin ,Pp\yon »iw rmpn jinmnn ,n>Po>oaon im>noP >it»an ,iNan 

(16.10) 

:dkiwo nniN Pv mnN mis Pipi ,16.7 nxiwoa vojivi ok 

Vmax = ±W‘A (16.11) 

o’lii’an >iyn ,o»ova iwn-mo n’Pa’oaon nivnoni mno y>aio ± p>on 

.Pp\yon >n >v impia <iixn myo Pv 



ji’PK’uioia n>A*i3N mi ji>m>p d’auk m v> ,PiPt»on *piKP >nvPa rmpia 


E = ^ tti • v 2 + i-K-x 2 


:h>doPk 


.PiPoon tiikP mipim nupn impi \n ri’PPan noann n>>*iiNn pinna 

:Pnpi 

j-K-A 2 = j-m-v 2 + i-K-x 2 

:nsoh ,nn>non jix mil 


v = ±Vs , ' /A2 - x2 


(16.12) 


:16.7 riKiwo mtyai 


v = ± w 


/A 2 - x 2 


(16.13) 


TiinP x ntipia my Nin *ivkd ,<p P\y nn>non jin m^nn it rinnon 
.w n>n>ntn nrmnni A nnywov ji’iioin nyum yi ton *ivkd ,iPiPoo 
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nowa noioon ninar- 16 p*» 


xOx ,pm 0\y n>2pn99*nn>noo >uwn nx noxno ni>x 16.13 nxiwon 
ninino v 2 = v§ + 2-a-x nxiwoO room) pnynn niomon po ovpn nx 
xm n’vuxi ,n>vux >0ipwo nxiwon nx unn>9Y> pvoo .(ninop nmxno 
xOx niomon pi>o nx nmO no 16.13 nxiwoo ot3»n0 ov>9x >x ,oOxpo 

.nOon nx po 

:0opi,16.13 nxiwoo (16.8 nxiwo) pnimO >00on >w>on nx om ox 

V = ± wVA 2 -~x 2 = ±wVA 2 - [A-cos(wt + y>)] 2 

:A-o vnwn p mix xmn ,vnwn 71110 A 2 711 wo 00 ia xmi 

v = ±wA-Vl ~ cos 2 (wt + <p) 

:n>oooun>oon junto vonvo 

sin 2 (a) + cos 2 (a) = 1 => sin(a) = -Jl - cos 2 (a) 


:0opn ,a = wt + ip xm iiO\y nopoo a n>mn ovxo 

v = ±w-A-sin(wt + <p) 

nrw9x px ,* 110 x 0 ,0ox .pm Ov n>up3i90 niomon nx oxno nt >w>o 
mo nmO >70 .nnmon pi>o nx ,n>mx Oy> >io>oo noipov nxiwoo ninO 
Unix) niomo v7>o wanwnO 7 >on ,(-)-n ix ( + )-n nomoo pom Oipwn 

.(po 9 n 7100 n9t>30 nxt dW13» 
p>o xm pm Ov onpirno niomoO >it»oo pom p’ono , 01013)0 po x>03 

:xm >io>on pOi ,(-)-n 


v = -u*A*sin(wt + i p) 


(16.14) 


<f> nmOnnnn 3)9100 n>m .t 3 >aoi vat Ooo v niomon nx noxno it oxiwo 

.pnimo >io>oo o3»9ioo n>m onix xm 
nioxmo (16.14) nnmoo nnpii9i (16.8) pn 3 »oo nnpnaw o>xio onix 
,cos-n n>sp3i9 >i> 03) pnynn .now nmooonno nmpii9 >no >i> Oy 
7 /2) iimo pt 3 )oi rw Ploo v> 7>on\y 70 ,sin-o n>sp3i9 >i> 03 ) niomoni 
.n>0o>ooo nn>ooo 10 yxon poi >0o>ooo pn 3 »oo 10 poo po (90° ix 

:x>o o>09oo Unix doow o>7poo >wo nmOnnoo yoian n>m n3)>op 
:(x=A) nypn mipi xm o7>ioo nO>nn mipi owxo 
x = A-cos(wt) :cos-o n>3Jp3i9o o>omo pn 3 >oo nnpii9 oix>nO 

v = -w-A-sin(wt) :o>opii90 o>ooio niomon n>opii9 oix>nO 

:(x=0) onnn nwxo mipi xm nmon nOmn mipi owxo 
x = A-sin(wt) :sin -0 nnp1190 0>7010 pn3>00 nnp119 71X>nO 

v = w A-cos(ut) :o>opii9o o>ooio niomoo nnpii9 71X>nO 
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mmrfi noioon nyiin - 16 poo 


,2m nronvoi 8 sec nOv llmon pw noioon nyuno p :’h awn 
,x=A nmpio Kin mmnn mno nO»nn vai 
? pm Pv nmpiiao nnmoOi pnynO no’on mo .k 
? n’Po»ooon jmmon ’no .o 
?nyunn mno nOmn onKO 1 sec promn mo .a 
? n mipio jinmon >no .t 


T - 8 sec : A= 2 m ; <p = 0 :on oomin 

2*7t 2*7t _ _ oc Rad 

w ~ T = 8 = 0 - 785 sec' 

: Kin nnpii90 pnynO oo’on k 

x - A-cos(wt + <p) = 2-cos(0.785-t) 

:Kin pm Ov nnpiiso nnmoP ’io’on 
v = -w A-sin(wt + <p) : 

v = -0.875-2-sin(0.785-t) = -1.57-sin(0.78S-t) 


v max = i u>-A = ,0.875-2 = ±1.57 ~ 

nnouo oa Popp po ii’Oo’ooon immon Ov nKiwon jik 
oipoo om ok ,(16.14) pm 0v nnpusD immon 
.±1 dim ’Oo’toon *pyn jik sin-n n>spiia 


:pnynn nnou mm ksoj lsec onKO pmmn jik 
x = = 2-cos (0.785-1) = 1.414m 


,nyunn mno nOmii inKO lsec immon jik kbo) no 

: immon hkiivoo lsec om 

v = -1.57-sin(0.785-1) = -1.11 — 


nimn pirn pa*io ksoi <innv K’n (-)-n p>o moovo 

.’O’Ovn pvon Kinv 

*iunv *p , (lsec<2sec) nmo pr pno nma Kin pm 
fli’on .Opvon ni>v mipiO x=A nspn mipio lOYto 
nOmno <yiAn ksoi no nspn impi myO pvoo *moj >oi>nn 
mipio kooi «)iAn mnon nOrnmv hook >o ,mnon 
plan )ii>oo K’n <iiAn immo .x=-A n*npio kOi x=a 
. n’O’Ov K’n pOi ,’oimo *inoiv )ii’oP 


x=A x=o 


16.8 tpx 
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nows n> 3 i»*in nyim - 16 jr» 



moovy ^y bn n:fyb 200 m/sec ninrnoo mn 10 gr wmow y>bp :>a nmrr 
yi3pw 'fopb 33mo kip *WN3 ,pbn novo by muon ,4.99kg 
nyun msui ^yn pi y>bpn .500 N/m ibw '{>apn 

ok ,iotn bv rpypiiop pnynbi nn»nob »rc»3n ino .noionn 
?y>bpn noon nnKb *t>o Kin t=0 yvrnn 


y»bpn biy nanwon ni*i>non ok ,>np yin >bipw nntyo ,kso 3 
nwimn pkiwo nni-yo ,y>bpn ntnia nriKb *r>o ,^yn bm 
mj*vj + m 2 -v 2 = (mij*m 2 )-U :nwoba 

:on oowin 

mi =0.01 kg ; m 2 = 4.99 kg ; v 1 = 200 m/sec ; v 2 = 0 

:b3p3i ,3>S3 

:« :: : = V “ ' 

ij 1 nil•v-i + m 2 -v 2 § 0 .01-200 + 4.99 -0 n . m 
mi + m 2 0.01 + 4.99 ' sec 

poko .noionnn nyonn bw n>bo>©3on nvimon K>n it nn>no 


bpwon mw ntipn nvnnon K>m 


n>bo>t?3on nn>non nk 1 woo nyunn nynwo dk Kiyob na 

bw iilif ni*i>*tnn nK ,n>bo>t>3on m*i>nob *iwp Kbb ,khoi 

rnoionnn nyunn 


max 


max 


IK 30 

3033 .onrsn n>iwn naipia K>n nywnn mno nb’nni armo 
*73) -n/2 ni»nb n>nbnnnn yaion n>m nK .wnoov bban >a by 
:(pnynn nntmn cos-n n>yp3ia oipoasin n n>ypiia3 wonvov 

x = A-cos(wt + <p) = A-cos |wt - = A-sin(w-t) 

x = 0.04-sin (10-1) :b3pii ,omyn nK 3>33 

: Kin nn>nob »ib»3n 


-w-A-sin(wt + ip) - -wA-sin |wt - ^ j = wA-cos(wt) 

.(sin (a - ir/2) = -cos(a) n>3ooi3w>3on ninr-3 uvoniyn) 
10-0.04-cos(10-t) = 0.4-cos(10-t) :b3p31 3013 
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nowft*n»ifla*in mran - 16 p*» 


rrowa n>3in*in nywiii nsiNJin 16.6 

U’kp .pnynn nn}p3i<n im>w> >i^n porn 'jv n>yp3i<o raiKnP >io>on 

:*wpn jik 16.2 nKiwoa 


a = 



a = -A-cos(wt + <p) :prn 'jv napika pnyn!? no>in jik nno 



:K/m on>ni n>ri»mn imnnn \>n *iwpo vonvo 
:pin 'jv n>sp3i9D raiKiib Moan jik Pap3i 


a = -w 2 - A-cos(wt + ip ) 


(16.15) 


V9ion nnitPi pjiyn^ >ioaa yaion nnnP nm nsiKiiP >i©vn yaion n>m 
:o>P9oo uniM ora onpon Mvao *p ,im>nol7 Mom 


:(x=A) nspn impi k’d irrnon nP»nn jmpi *ivkd 
x = A-cos(wt) :cos-n nmprai onno pnynn n’^piio *nK>nP 

v = -w-A-sin(wt) :n’2pjm onno nmnan nnjpii9 niK’nP 

a = -u 2 -A-cos(wt) :nmpjm onna n^wnn napjia niK’nP 


:(x=o) on>sn ji’whi imp! K»n rrt’*ron nP>nn n*np3 nvmp 
x = A-sin(wt) :sin-n n^pjm anna pnynn n>spji9 iikmiP 

v = w-A-cos(ut) :napji<a anna munon nvjpjia -iiK’nP 

a = -u 2> A-sin(wt) :n»^p3i9P onnn nsiKnn n>sp3i9 -ok’jiP 


nnipn) ±i !7 rmv nnnn cos *w>kd vmnon .n^mnn *?v ’Pa’ODon 'jiyn 

:kid (±A nspn 


a max — ±W 2 - A 


(16.16) 


10cm O’SilPO ,200 N/m ^»9p> 2kg >u noo onvip :no*n 

,1»rn !w n>^p3iQ2 .noon 'jv nsiKnP no’an mo .o>*nnwoi ' > llllll 
?noon nw yA*n K»n nyonn jvtho nPmji ok 

m-2kg ; K = 200 N/m ; A = 0.1m ; <p = 0 :on O’Jllun r^nna 

u = JH _ ;200 _ 1Q Rad :K’n n»n>mn immon 

V m ... V 2 sec 

:Kin renKiiP >wnn 

a = -to 2, A'cos(wt) = -10 2, 0. l*cos(10*t) = -10*cos(10*t) • 
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jiowa unman nyun - 16 paa 


,yam b© n>sp 5 i 9 a nsiNJim Jiiamnn ,pjiynb omonn jin nnji> 9 © anNb 
yawn ©aan jin JiiNabi ,<p>n uiin by .jivspiian ©ib© jin aNjib pn 

.onn’a 

Tiy b© oin’oann y>am iam yxan p© oonajin upon ”y 9 in ©aan” nb>na 
,anN ^ay b© >bn>oann *pyn y>am© ay pt aaiy ,m»NJin b©nb ,anN 

.<pAa Noann mn yainn ©aan .Jiia’nnn b©nb 
J 1 O 9 NJD 01 pnynn oaNjm ,ji>bn>oan jiiamnn a©Na ,on>yn m©Na jiaipAa 

.nsiNJin 

o>aayb immnm pjiynn o>y>An ,jm»non jioaNnn pa ,nypn niaipAa 
ji>>>!?va nsiNim >non pjiynn© pno Nin onn>a baann a©Na ,o»bn>oann 

,*ra>nbi 



.minus ipjimn nuum ,runKnm nrrnnn ,pnunn vi uainn *»unDn 16.10 tps 


nv?wa jiwmn nyun by yiap ms fiya\yn 16.7 

ma b©nb ina ,mnan ma aaa mby byia© non by maw ma byia a©Na 


.naan niji©n Nb y>H 90 piNa ,^’apb nawpn non by byi 9 © na>aan 
.k Nin ib© 'f apn yiap© ^>apb nai©pn m non by banoi 


p 9 p TPO) 

mi bpmn ^Pmn ’"’■n 


mmmrn mmrnt. mamm 



nbm on .ib©n >nuy *piN ©> ^ap bab 
bp©n >ii>© asn aan> ,m non ^>apn by 
:na>aan ma jin boan ^>apn ma ia van 

sfv = 0 

k-x 0 = mg 

jiaipj jinjin x pnan nonn jin ©>oa on 
by o’byian jnnian i>m ,bp©nn >ii>© 

:nonn 


16.11 TI’S 
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noioa unman nyiin - 16 p*i9 


zfy = m-a :non >9*j >ai>nn pvan jim mai 

mg - k> (x + x 0 ) = ma 

:'?ypi ,k-x 0 =mg :^>ponn >ii>v impi Po mnm PPxi 

-k*x = ma 


yiap ,’p9iM ^>9p nyaona non 'xv nynnn ma pma ,jinm*in nyiin >mt 
>p9pa .!7ponn nvo ampin kid *r>n>n ^nann .o’aann noa nnt k nian 
jmpl ’31M ^>9p31 ,’19*1 ^’9pn D 9 ntlpia K’H ^pOOn >11>V n*T 1 p 1 >p91M 
na’onn ma on t7oan Kino *ja nmo 'papn na nnipia K»n Pponn >ivo 
.Pponn >ii>o n*npi a>ao n>oyi noimnn nyiinn n*ipn aaa .mg 



nonn Jim o»o>on .1kg >o non o’*n lOON/m 'xv >p9p W 
.o’TWwni > 19*1 ^>9pn na n*ripp nnnn 15 cm 
?nyiinn tw *mnnn pi inn .m 
? nyunn Jiyavn >nn .a 
?nonn anno yuan pm Pv n>ypii9a pnyn*? >io>an inn x 


nmn 


%t noonn n*t>na Vxi >Pn ii>m nyiinn 'xv mtnnn pt 

.Pponn >ii’v aann nonn 


pai ‘pin Dianna nnia’pn rnipin pa pmnn M>n nynonn 
>ivo mipi jin ^a trrip ,p> Mam .t7pvnn >ii>o n*npi 

:Vpwn n 


Ifppn na n*npp nnnn 9.8cm M»n aponn >n»o n*npi 

,’i9a 

^> 9 pn na mipinn 15 cm Po pn*in!> nnoi ^>9pnv pvan 
:o»ion pa w*i9nn M>n nyaonn pm 
A = 15 - 9.8 = 5.2cm = 0.052 m 


non pvan jim nnai om .nap naipia Min nonn anno yw 
yamn nnm ,x=a M>n n*ripin >*m pavnn pi>aa 

,ifi=o - .H>n n’ntmnnn 


M>n ji’ji’iim Jiiannn 


Min pnynP no’an 


A*cos(wt + 1 0 - 0.052*cos(10*t) 


-416 












































































































































































noioa noinon nyon - 16 pna 


16.8 

ny9ono noo Oo nyonn K’m ,n’3ionn nyon!) Jinx nmn o’no vooy oy 
nmopn roup noo Po nvtunn ,o’ 0 ’ioo o’Ninoo way okoj .'pop Oo did 

.noioon nyon on omO 

nmm mo nio”pno ok .nmorno nOoioo nKnpi omP nmopn noo 

:pn nvo’oo 

.(nmnipi nimO nmoK Km nmoiNm) oko mop Km noon .1 

nno nvnt7 nmoK K>n n’oniK’n) *mo mop noo Pyo Kin omn 2. 

.(09KP 

pp’o oinO mopn mPo nno ,-toOo mniK’n Kin niK’nno nNmo nnoO 
moio9 nnoyoOoo nonot? inoi ,n’oono nPoiooP nPiyo ori’p nuno ,p*r 


noo ,’no*) noipio jik^oi Km ooko ,noon Py o»Pyi9n nimon Py Ponoi 

.*pKP a noiro Kin omn 
.T Dina mnmoni ,mg Ppoon moon Py o’Pyi9 nmn oo 
p’oo )iioa K>n noon miNno jiioo 
ok pn93 ,(omn pvoP *tiiko) PxyoP 

.o’o’onP ppoon 
myunP p’oon o’ono onnnon Py Ponoi 
pnnnon pono »ovnn jiion ok nnoi 
.Ppoon noo n*Tip3o 
sf = ma :K»n nimon nKiioo 

-mg-sin (a) = ma 

)ii03 Kin mon pm ’o (-)-n yon?) 
mo mr moon ok o>o»oo in pimp *yi9n 
no Py9> mm’ noon ok o’oi ok .onno 

(*ramPi ,nPKoo 



mg-sin (a) 


mg-cos(a) 


mg 


.ipunnn n'puium mman :'n16.12 ivs 


K>n no’on .oionn no u>k Pok mrno mo Kin -mg-sin(a) Pipon nion 

.sin(a)-P kPk pnynP omni 9 i 09 «’k mono 
,nuop nviito nyon Py Ponrn ok ,Pok 
yooPi ,no’ TpP Pxyon nop nK onpp ino 
- pnynn im »o ,x-o oom ipn nK 
.Ppoon >ii>o n*np 30 pnnon 
nnipio p’oon om>po Kin oom ipn ok 
n>m K>n noun >nn ,<pAn ksoi no 



.tui’ ijrt naip Otu avppn : 116 .12 ivs 


moo> 


mKon nimn nK nxm osuo n’litn no’ oPioon Py Ponoi ok 


sin(a) = 
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noiwa noioan nyun - 16 paa 


-mg-j- = ma 


:aapn ,man nnnwoa a’m 


:Kin aipwn manw in>ao oioan ma aw naia K>n it ma naia 


* - -(¥)•* 


K = m 


.(-) pn? oy ,pnyna omnioiaa aipwn manw *p 

:nin man yiap 
: ait non pta nnnwon hk Kisoa vway awsm 


T = 2-J* = 2-.-JM = 2 -\/F 
V m \ L-m V g 


= 2 '"-Vf 


(16.17) 


.<inn nooa nan Ka n>oonon naoioon aw aitnon pt 
.nyonn nyawoa da »ian na aitnon pt .noioan nyonn yin <in aa 10 a 


nia’pnw K’n naiwnm ,noop nvnt aw nia’pn mo ’no ay .naxwn nanwi 

.5° aw nmta ay Taya mo mop nmt aw 


nnx limp naipao naw nnao aaw n’oono naioo aw namx ino vtt noma 

?nnx now namx nowa 


pt pai aitnoo n>uno am nowa nnx limp naipio nyonn riiana 

.mow »nw Kin naoioon aw aitnon 


T = 2 


■ a- \/"j^ => L = g* j—5 = 9.8-2— *2 ¥ 0.99m 
Yg 4-a- 4 4-a z 


noaipn nomaaw naopon iiyw aim ,niyw 24 aaa mow noaa : ’a noma 

?99cm dipon lm mn> laaix ox 

T = 2.^ = 2-^ = 2.007sec :Kin wann aitnon pt :liana 

.1.0035 sec aw pt aitnon nomo lain ,nnx now oipoaw *p 
anoow ia (60 x 60 x 24) mow 86,400 w’ niyw 24 iwon 
86,400/1.0035 «86.095 :Kin noo’a mo’w omtnon nvuno 
86,400 - 86.095 - 305 sec :aw aiA’3 pa W’ myw 24 a 
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Mrtvo minaan nyim - 16 paa 


jnonww 

bv pnynn pnv bv d>aiiat» d>aso >yo i>a d>i»m tnan - T - airman pr 

,<l«n 

.nnrt n>jva yuan «pnv d’airman aama - f - nyunn niann 

Nsoi iVanv ,a>rma bipv nia nyavna yj *)iAn na nyun r>» n»ji»an nyun 

.bpvo n >ii>v ntipna ^nn pnaoa aw> an>a 

SF = -K-f - >ji»ann man 

a = — x - fi>))Knn nyuiia pM m tixiHfi i>i wpn 


T = 2-7T -\/g 


1 [K 

2-7T V rn 


- 2-tt ^ , 

W = -^r- = 2* 7T' f 


i K 

" = ''H 


E = |-K* A 2 
X = A*cos(wt +'tp} 

v = -wA-sin(wt + i p) 

V in a x = ±W‘A 


= ± w V A 2 - 


a = -w 2 * A*cos(wt + y>) 

a m ax = ±W 2 -A 


- n>jioan nyiana airman pr 

- nmoan nyuna niannn 

niannni airman pr i>ai n>n>nm niannn i>a avpn 

-n>3ioan nywna n>n>nm ma»ann 

- n’jioan nyuna n>aaan miaum 
-pm bv nnpuaa pnynn 

-pm bv n»spaiaa ma>man 
-n»aD>oaon ma>man 

-nuiaan nyuna ma>mani pnynn i>a awpn 
-pm bv nnpaiaa nsinnn 
-mbmoann nsirmn 


T = 



-nnnano namon bv airman pr 
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rawa nyim - 16 p*ia 


Jiwnjn ,pnynn imnwo jin»s»o - >n nao3 
n\?w9 mitnn nyim 

-K-x = ma :n>3ioari fSPMia man jiniwo 

.a naiNim - ia\y nm«i Jiamn paa x pnynn pa navpon nNivuo N>n 


d 2 x _ _K 
dt 2 m 

d 2 x 


:K>n nNiiwnn ,nnmn pvaa 
:Pap3 w 2 -a K/m jin <pam on ,nin>an ay apna na ,in 


d? 


= -w 2 -x 


.ji>aNma 9 n nNiiwa JiNapi nPv Jiiamni nnpiia pa Jiawpon nNiiwo 


o’avno na -pan i»a) vm>3 n» ay Nm u>aNnnaQn nNiwo panaa -pan 

.(PaK> 3 ’N 

noyy nnpusn on aapi o»oy9 nniN aim onv nnpuo o’vano uniN 
.(-) p’oa nP9am ,anv aiy awni ,(u 2 ) yiapa naaaio 
:o»oy9 nnpuan iin aim x = cos(cjt) :nnpii9n Nin pvNan vinon 

^ = -wsin(wt) ^-4 = -w^cosCwt) = -u> 2 -x 
dt dt- 2 

,pa .nNiwnn pajioa o>njio aiw>n -pa nniNa , x = sin(wt) :vin>jn oa 

:pan9 Nin nvapnan >nv yo aia>v Pa 

x = A’-cos(wt) + B’-sin(wt) 

x = A-cos(wt + i p) :N>n >aaan panan jia>naa nanN *pa 


.B’-i A’ o>yiapn jin p-i A rnyiapn o»9’Pno it na>na -paa 
, Cn>aiy nam nNivynaw aaia) o>yiap >j\y Jivna o>a»n ,napo Paa 
,v 0 n>Jiannnn nia>noni x 0 >nanjinn pjiynn >9 ay iyap>\y 

:pnyna >io>an jin aim jirnioa >aaan ’iman jin Niuoa na 

v = ^ = -^[A-cosCut + <p)i = -A-wsin(wt + <p) 


:nia>noa >io>an jin aim nsiNna >aaan >it»an jin Nisoa na 

a = ^ = -^[-A-cj 2 *sin(wt + ip)] - -A-w 2 -cos(wt + <p) 
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nowa fl>ji»*)fl flyun - 16 jno 


iraibnititfi y 9 i»ri nnit nv’ip - ’a nao3 

o#Qp >w nib’ 3 » no won fl’Jioiflfl nyunn bo jmmnm pnynn hikiwo 

.t=o yi*n nyon ’a by o>ynp3n <p-i A 
x = A-cos(wt + <p) :p nPbon imm mniwon 

v = -wA-sin(wt + <p) 

„ :on D»io>im wt nb9b)on no9Kno ,t=0 va*o 

Xo = A-cos(<p) 

Vo = -wA'sin(v?) 


dk oonb in>i (v 0 ) oqn pn im>noni (x 0 ) ash imo pnynn o>yn> ok 

.(A) ny*won HKi (<p) n>nbnnnn y9ion n>m 
rnn’nnn jikiwoo sin(<p) hki pnynn bo nNiwono cos(p) an rrn) 


cos (<p) = ^ 


sin(<p) = 


vq 
uj-A 


tg(ip) = 


Vo 

WXq 


:b3pJ1 flNIWOO nNIWO pbni 



:k>d riKswim .niNiwon >noo rmb po ny*won ak oa 


Kb k ,t=0 yA~a jin>noni pnynn bo Kb on o>3inin ,onb ib>9Ki ,o>oy9b 

.nynoob mwn A ynpn boi ,t=0 yA*n pnynn bo 

:niKOAn oibo by bonoi 


ysnon fl’tW oio»n ,v o =0Tnrvnoi x 0 =A n*npia <)nn ksoj t=0 y>*n *wkd 

-.Kin n>nbnnnn 

tg( ^ >) = ~^A = 0 * = 0 

nn>non K>n vk wm»noi x o =0 owsn nwKii <}nn -niy t=0 yno *wko 
:Kin n>nbnnnn y9ion n>m aw>n ,v 0 = w-A n’bo’toon 


tg(y>) 


w A 
0 


<P = " 


7t 

2 


on>yn nwK-> pirn ummoi ,x 0 =A/2 rmpjo <inn *niy t=o yAn *wkd 

:K>n (n>b>bo pbi) 

v = -wv^A 2 - x 2 = -w-x/A 2 - (A/2) 2 = -w^-'A 


VI 

■ 2 


tg(p) = —uj-A/2~ = “ ^ => <P = -J 1 ' :N»fl fl’fl^flflflfl 


y9ion nnn 
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noiwa noioan npin - 16 paa 





jivo-on’ji mbN\y 

aovaan ma mmw na mao mwnan po .1 
?Pipw ma mmP a»n monnn man oKn .2 
pmoioann myonn po ,niKan mvunn Pa i>ao .3 





(7) 


16.13 ivs 


( 6 ) 


ipnyn hk nKnon <p* *roaP 
moow Pw ,ptn Pw nnpiioa 
iPw ^apn papw 'fapP mwpn m 
.nnmwoi A pnno omon ,k 
yna nw nyunn nano nPmn 

.nnnwn 

:o>Han o»u>wno anK Pa ,aaaia ,nw3 ok ,<p>n nKaa n>n av>a 
,o>ow >a Paiio n>n noon notno ia oiwKnn pnaon .k 
, o>ow >a ptn ^>apa <pmo nm ^>apn .a 
.nm now noo o>p>aao vn nooP .x 
.□non mwKna noon nnyoa nnm nyonn nano nPmn .a 
van aw ipnyn nK aKnon -joaP 
.ptn Pw nnpaiaa .noioan nyona 
* :A,B,c,D,E :nmpm ya nnK Pa >aiP 
m>w naipaP oma ,<^nn Kvoa ,p>n .k 
t ?Ppwon 

?^nn Pw inviKni innmo pin mo .a 
?Pipwn man pm mo .x 



A 


A 


.5 
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nowa noionn nyun - 16 pna 


,PPdd ok ,<pAD nision noionnn nywnn Pw imipi ik o’yop iP>kd .6 

:o>Kon onsono tdk Pd o»pno 
x ,pi»Dn iiukd on nmKimi immon .k 

ynmn iiukd on nnmoni pnvnn .d 
.pon iiukd on nsiKimi pnynn .x 
.n>Dim jvPowdo K>n immon ,*r 
.n>P>Po h>Po>odo K>n immon .n 
.rpp’Pw immon .1 

.«>Dim nmKim .t 

.Ppwo mw 0200 <)nn .n 
.n>Dim ii’Po’odo nmKim .o 
.t Kin x=0 rmpm Pk x=A nnipm p noionn nyun uddiko pm .7 
:nyun yop Pd thkw (oaKP odd) >Poo>on pm mo 
x=A-P x=A-0 (III) x=0-P x=0-O (II) x=-A-P x=0-O (I) 

.<)tt Py Pyian Pipo niD Po now nna *piaP .8 
?oio*in niD Kin onono >oi ,mmo niD Kin ninian p >o 
SF 4 = -5-x 2 (IV) SF 3 = -2/x (III) EF 2 = -^x(II) SFi = 5-x(I) 

SF e = 5-sin(6t) (VII) SF 5 = 4 - 2-x (VI) SF 4 = -4 + 2-x (V) 
m>K .pnym Pipo niD pD *wpn hk onKnon oow o>a*u 6 *joaP .9 
?oio*m niD iKfio <i*ia nr>Ki ,mmo niD dkho <ini 
SF SF SF 


x 


(3) 

(2) 

(1) 

SF 

SF 

SF 


x 


(6) (5) (4) 

16.17 TPS 

nyun oipoo ok .'papP iminon noo Po nimon pt niiw> *ts>d .10 
noon *wkd o>D3K noionn nyun ysDitn ,nvwo Py n>paiK noionn 
, p'f apn Py n>iPn 

?oPv *tnK mmo Pw nyon yopD nymoon imman mo .11 
nyin ronyoD mnKP nnK nyuno o>yiDp onKVin o’P*nn ono .12 
?nyunP nyono ooiwon o>P*nn onoi .noionn nyora 
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noiwa noinan nywn - 16 pa9 


nvaw»n mbN\y 


’N 003 

VO>o 20 cm kuoi f)un awKa .noioan nyona yi 4 kg inoow <\\x .1 

,3kow jinaa 5N 3w ma nay ayi9 apwon nvw naipia 
?nyonn aw man yiap mo k 
aKowo io cm Kin awKa <iwn ay ayi9n man aw mini Pan mo .a 

?apwon >inw naipia 
anmoann nyunn aw annon pr mo .x 
awKa .lkg inoow <\\x ay ayi9 lOON/m 'pv ma yiap oy moan ma .2 

: apwon ovw naipia I’O’O 40 cm ksoi <iixn 
?n naipia <ivm ay ayian man mo k 
? n naipia <inn ay naynn nyiKnn mo .a 
anmoann nynnn mann mo .x 

.20 cm nnyawoi 1 sec nannow nmoan nynna yi 4 kg inoow yx .3 

?nyunn Pv man yiap mo .k 
? nyunn Pv >ao>oaon pnynn mo .a 
anPomaon niamnn mo .x 
anPo’oaon nsiKnn mo .a 
?nPo>oao nmann awKa niamon mo .n 
?nPo>oao mamonwa naiKnn mo .i 
>io>an mo .40 cm nnyawoi 2 sec nan-now nmoan nynna yi <iia .4 
.rnwyi nyunn nano namn ok ,imn Pv nnpiraa pnyna 
x=o naipia (ii) x=A naipia (I) 


K=100 N/m 


-20cm-i 


4 kg 


>paiK nowo ay nnno 4 kg Pv noo .5 
,100 N/m Pv 'fapa naamo ,pan 
aianwn yxaa .naamwoi 20 cm nooio 
.pin pnyn hk aiaoa o>a>nno 
?nynnn nyawo mo .k 
anyunn aw nmnnn niannn mo .a 
?pm aw nnpma pnyna >io>an mo .x 
.pm aw nnpina , nmoan nynna yin au aw pnynn aw <px *pi93 .6 


16.18 TPS 


x [cm] 


?nyunn nyawo mo .k 



- ?nynnn aw annon pr mo 
?n>nannnn yaion non mo 
t [sec] nppnaa pnyna >io>an mo 

?pm aw 
l sec anKa ai>n ksoi pm 
?nyunn namno 


.a 

.x 

.a 

.n 

,i 


yxaa n>wyi nnm pm nano namn ok ,<pxn nKai nm aa>a 

?on»an n’WKaa aayon 

aw nnp3i9a nuiKnai niamoa >io»an mo ,6 naKwaw <pxa ommna 
?naKn nmpii9n >nwo nnK aa Pv «pxn nKai asm ,pm 
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nows n’lixnn nytm - 16 p39 


+■ 


[-1 

LsecJ 


30 cm *nnwo ,10 sec ntw mtnon ptw noionn nyum ym .8 

,3p\yon >ivv impio 
?vmnv/ lsec <)iAn nm> pm .k 
? rmm> 3nKb lsec nswnm nnmon po .3 
?x=i0cm rnipi^ y>A’ pt nos *idk!7 .a 

?x=-l0cm ivnpib mwK*ib yn> pt nos nnK^ ,*r 
?x=l0cm n3ipp x=20cm nnipm )>3 rnn iknin pt nos .n 

ym <iia 'pv nnmon 'pv <pA *pj<P .9 
.pm 'pv nn*pii93 ,noio3n nyujo 
?nyunn 'pv mtnon pt mo .k 
? nyunn nynwo mo .3 
?n’iPnnnn voion n»m mo .a 
n>8p3ia3 immo^ >io>nn mo .3 
?ptn 'pv 

l sec *mNt7 <0An nnmo mo .n 
?nyunn nPnno 

nPnn ok ,<pAn hkia nm 3 sn .i 
? x=A nspn n 3 ipp nyinn yA 33 n>\yyi nnm pm nnno 
.20 cm nnynwoi 4 sec n>\y mtnon pro noionn nyum yj <pr .10 
:o’Kin nyonn >yopo *rnK 'n 'pv Poo’on ptn mo 
x=o n 3 ipp x=20cm nnipmo .k 
x=-5cm n 31 pp x= 10 cm n 31 pmo .3 
m: x=10cm n 3 lpp x=-8 cm n 31 pmo .A 

:pm 'pv n’ypjias pnyn^ o>K3n o»io>3n nwP\yo m P> >3 Ai7 .11 

x = 4-cos(5-t - 7t/3) (III) x = 2-sin(6-t) (II) x = 3-cos(5-t) (I) 



t [sec] 


:niK3fi nPKwn 'py ymy ,(o”it»3n *>3 m-3 3303 pnynn) 

?nyunn nynvo mo .n 
? nyunn 'pv wnon pt mo .3 
?nmtmnnn yoion nnit mo .a 
? ptn 'pv n>^piiQ3 nnmo3 oonn mo .3 
?pm 'pv n>8pii93 nmKni> >iomn mo .n 
tynvoni 2 sec u'pv mtnon ptw noionn nyun3 yi 2 kg woow <)ia .12 

,40 cm u'pv 


?«IiAn 'pv n’Ponnon nnmon mn .k 
?nPo>©3on n>D3’pn n>A33Kn mo .3 
?nyunn *pno3 n’333n n>A33Kn mo .a 
?x=20cm mip33 nPKnooism nminm n>o3>pn n>A33Kn mo .3 
,10 cm rt'pv nynvjom 4 sec rt'pv nitnon ptv noionn nyofi3 y3 ^ia .13 
.po> p>3P on’yn n>wK3 jik ^iad 33 iy t=0 yA33 
?t = 2 sec yA33 <inn nnmo >no .k 
?t =0.5 sec yA33 ^iad nnmo ’no .3 
Tnt’Kov 0.1 m/sec <)iAn jmmo ,n3WK33 ,nmn pt nos nnnb .a 
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noioa noioan nyim - 16 paa 


:prn Po n^piiaa mamoP o>xan o»io>an noiPoo anx Pa >aAP .14 
v = -4*sin(5-t -ir/3) (III) v = 2*cos(6*t) (II) v =-3-sin(5-t) (I) 
:mxan mPxon Py ymy ,(o»io’an Pan m/sec-a naaoi mamon) 

anyunn Po annon pr mo x 
?nynnn nyaoo mo .a 
amnPnnnn yaion min mo .a 
amPomaon mamon mo .a 
?prn Po mspnaa pnynP >io>an mo .n 
?prn Po nmpnaa nmxnp no’an mo .1 
Po prn Po mypiiaa pnynP o>xan o”io>an noiPoo anx Pa ’3AP .15 

:5 kg mooo <)n 

x = 2’COs(5’t - ir/6) (III) x = 2-sin(3-t) (II) x = 8-cos(6-t) (I) 
:mxan mPxon Py vroy ,(o»io’an Paa m-a aaoi pnynn) 

?mPo>oaon mamon mo .x 
monpn ,mPx>yioion nnaixP ,prn Po mypiiaa pio’an mo .a 

amPPani 

.80 cm Po aaix moono nPoiooP .16 
?nPoioon Po annon pr mo .x 
ia an’xa nPoiooa ioono> ox ,nirnon pr Pai’ omnx noaa .a 
?Yixn ana oa Py aaian nmxno 5%-a mop aaian nmxn 
?i sec-P ninoo annon pr ox nPoioon -pix nvnP *r>ay no .a 

n Po ^>ap Py 2 kg Po noo o’Pm .17 
tipi nnno 40 cm noon nx o’o’oo 
.onanooi Ppoon 
anyiinn nyaoo mo .x 
anyunn Po annon pr mo .a 
amPomaon mamon mo .a 
amPomaon nmxnn mo .a 
naipiP noon yon pr noa -jin .n 
?nPiPoo Po am>a nmaAn 
mPomao niamo o> 8 sec nPo annon pro miioan nyona yin <yuP .18 

.4 m/sec Po 

?x = 1 m naipm nx aaiy xm aoxa ‘inn niamo >no .x 
?x = -1 m naipm nx aaiy xm aoxa <)nn niamo mo .a 
?l m/sec mamon Paw nm’ PiPoon *pixP maipi iP>xa .a 
?- l m/sec mamon Pan nm> PiPoon -jaixP maipi ip’xa .a 
?3 m/sec mamon Pan nw ,anx nynn annoa ,o>oya noa .n :J 

.10 sec nPo annon pro miioan nynna yin <)n .19 

naipi iivaa x = 8m naipm nx aaiy xm aoxa ‘inn mnxn mo .x 

?Ppoon >ivo 

?+3 m/sec 2 nmxnn Pan nm> PiPoon aaixP maipi iP»xa .a 
?-3 m/sec 2 nmxnn Pan nm> PiPoon *yaixP maipi iP>xa .a 


50N/m ,—o 


40 cm 


2 kg 


.50 N/ 

>1VO 1 


16.21 IT’S 


-426- 






noioa jioiirin nywft - 16 jna 


’a nna 

.lkg bo noo o’bm 100 N/m ibo 'fapn yiapo od*i ^>ap .20 
vapn na n*npm yo noon ok o»*nnoo 
bnyunn nynoo ’no .k 
? n’!?D>won nnmon ’no .a 
?mbo’ODon n^iKJin ’no .a 
moyi n*mon nbmn ok ,p*n bo mapiiaD pnynb »io’in mo .*r 

?m*inon yA*ia 

?*mi’a naiom mipia 'fapa nmAK moobK nomK no6 .n 


200xn/sec 

IlT 


4. 


mm 

., ~. w 


16.22 TPS 


50 N/m 

ii 


4 m/sec 


16.23 it>x 


bo nnmoa mo lOgr mooo y’bp .21 
mooo ^y bn "[mb 200 m/sec 
ksoi 'pm bia .ia yprm ,4.99kg 
mop Kin iokd ,nyoan oab ,nnooa 
.100 N/m bo apb 
?noio*mn nyimn bo mbo’ODon unman mo .k 

?nyimn nynoo mo .a 
moy3 rnnon n 7 >nn ok ,iotn bo n’ypjiaa , pnynb no’an mo .a 

?y’bpn hood *mKb mo 
?prn bo n’ypnaa mmnob oo’an mo .*r 

,pbn nooo by Jinno 3 kg bo noo .22 
yiapo ''{’apb maino K»n *iokd 
o’ioo yA*ia .50 N/m ibo ^’apn 
bo pirn o’pbn oob noon mmano 
pbnn .4m/sec mmnoa ni’O’ yi lkg 
.'fapb mop *ikoi oon 
?noio*mn nyimn bo mbo’ODon nnmon mo .k 

?nyimn nynoo mo .a 
ri’oyi n*rnon nbmn ok ,pm bo n>ypnaa ,pnynb oonn mo .a 

?nmiannn *mKb *r»o 
?lotn bo n’ypnaa mmnob oo»an mo .*r 
.a ommo o’pbn o’yaioo onio’o oo )>a aioi *pbn p’bno <) 1 A .23 

, nyimn bo mvnon ptb oo’an mo .k 
? h Kin mbnnnn naun ok 
? nnnno nyim Km nyimn oko .a 
?noionn nyim Km nyimn oko .a ^ 
?ptn bo n’apiiaa pnynn <pA nnn min .*r 

yiapo ’papb nmop 3 kg bo noo .24 
nooo by nmioi 100 N/m ibo ^’apn 
noo omoo noon by .pbn ’paw 
o’ moon mo va .lkg nnooo noo 
.0.5 Kin moon *TiD’nn onpo . 713 m 
?H’*ioaKn mbo’ODon nyimn nynoo mo 



a 




a 


16.24 IT'S 


100 N/m 


11 kg 


3 kg 


16.25 HI’S 
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noioa nninin nyim - 16 p*ia 


.jwinnn nyimn nyji iooN/m Po »paiK ^’3pP iminn lkg Po non 
:K’n mnnn nP>nn n*npj iokd jimPnnnn yamn unit >nn 
,>ai»nn pon Kin nmPnnnn nvonnn p>m x=0 (II) x=A (I) 
.onnm ji>ok*i pi»aP nyi nonni x=A/2 (IV) x=-A (III) 
Pn Po >nyyn inniKo o>y>9p noP mopi 5 cm nP*mo 4 kg Po non 

.40 cm Kin onn *rnK 
>30 Po ninmn nnipi pa pmnn 
o>o>on .lm Kin *i>pP o>y>9pn 
.omnom m>n> 5 cm nonn hk 



w<^m 


T > 



16.27 TPS 


1 m *" 

16.26 nps ?Pponn >n>o nsnn ^>9p Pn nmn nnn .k 

?jinm*inn nyimn Po nmn ynp inn .n 
?n>Pn>onnn ni*i»nnn >nn .x 
?nonn nnno ymn ,pm Po nmpnan pnynP >io>nn inn .*r 
oinn lkg Po nonP mopi 2kg Po non 
Po >pjk ^>9 pP miop lkg Po nonn .p*r 
>ivo nunn iiKuni nnnynn .lOON/m 
.oinn ynpi tKi Ppon 
pjimmnn nyimn ny*ion mn .k 
? nyimn Po *mnnn pr inn .n 
Po nrnpnan pnynP nonn inn .x 
?oinn pmn yam ptn 
miAKn mooPKn nnroKn mn .n 
?nnnn k>o rmpn nmynn 
nip oy nm io cm nan*n 4 kg Po non 

lOON/m _ yupo ^>app minnni lkg mono 

.lOON/m iPo ^>apn 
K>n ,niPP mnmn nj>K nonni inKn 
.innon nnKP onon nPon nnn npnmn 
10 cm' ?niPn p nonn pnmn nupi ir»Kn .K 
?pmnn on*mn nnnon mKP pv nnn .a 
?nnoK*in oyan *iyyi niPn *ioKn ,niPni nonn \n pmnn inn .x 
.lOON/m Po ^>sp Po nm nyaonn .nninin nyimn nyj 4kg Po non 
.10 m/sec K»n nyimn *[Pnnn nonn Po n>Pn’onnn nnnmn 
.n>ooPa nn oxmm ,lkg mono inn ,nPynPn ,n’3iK Pan nonn Py 

:niKnn nvnoaKn oiPon nnK Pn >niP 
O x=A mipin nonn iokp Pan *innn (I) 
| x=0 mipm nonn *ioKn Pan *mnn (II) 

x=A/2 ntipm nonn *iokp Pan iron (III) 
miKnn niPKon Py >/my 
?nynnn Po noinn nynonn >nn .k 
? nyimn Po oinn *mnnn pv pn .n 


G 


16.28 nVH 


16.29 IT'S 


.25 


.26 


27 


.28 


.29 
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nowo noiom nyun - 16 pa a 


yJtmM. 


16.30 ai’S 


! ---- Q 1kg ,’pan >{>ap Py mio 4 kg mooo mo 

.lOON/m iPo >{’3pn yiapv 
P r ~j 4 kg lkg uioov ana i»Py Pan l m nauo 

.mooPa mmmn n mmol 
?imunn nya\yn mo .n 
? nnunn P\y annon pr ino .3 
loo ?ptn Po mspnaa pnynP oo’an mo .a 

S==i=> ?ptn Po n’ypnaa mamoP no’an ino .a 

?nyunn Po n’PPan n’AaiNn >no .n 
i6.3o arx nmino 4 kg P\y mw moo ’my 

.40 cm ^11300 100 N/m Po ^’3pP 
-—i--— -4-1 oin n» Py ^nao 'fapn ok o’p’tno 

4 kg 11 TO 1 DW 4kg °mn nN D ’P W0 0>>1 oo yiaai ,pa 
yhmxmmmmmmmmmm; ?nPapnon nyonn >no .n 

r 16 31 nvs anyunn Pw anrnon pt ino .3 

pino yAno ,ptn Po n’xpnaa ,moono nnN pnynP no’an ino .a 
t ?oinn 

o»o’oo .l 00 N/m P\y on o’^’apn Pa .now o’y>ap maayo 6 703P 
ona o’apoai ,noo 20 cm o”33N o’^’apn ona onpoa ,noon jik 
. o’Tiniyoi Ppoon ’ii’iy naipio .ni’O’ 20cm o”paiN o’y’apn 
rniKan mPNon py ’/my .maayono nnN Pa ’3AP 
?Pp\yon ’ii’vy ason ,^’ap Pa ,^nao in ,mno noa .n 
anoioann nyunn P\y man yiap ino .a 
anoioann nyunn Po aitnon pt mo .a 
? moon anno yAaa ,naayoa naiANn mooPNn n’AaiNn mo .a 
aaianvm y>ao ,ptn P\y n’ypnaa pnynP no’an ino .n 


16.31 IT’S 
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C 1 -U A 


noioa miionn nyun - 16 p*ia 


'jv nnmoa nyi 4 kg 'jv 


’* non 
noo .33 



10 m/sec moAmn nOAinoi n^Kao 10 m/sec 
nnooo noo noon voiana mooPK 
.150 N/m Po ^>apP miopn 6 kg 


16.33 TPS 


.moionnn *mKP nuoKin cyan mwpn noon *uy>n pr noo *rm 

:6 kg 'rv noon 'iv o’Kon onsono *tnK Poo 
.moAmnn O90 nnuoo nKaoi noon ,h 
nyooon noioon nyun Po nowpn noom n*npn nn^oi noon .o 

,50 cm 'yv 

noioon nyun t>o nora’pn mPKOvn n*npn imsoi noon .x 

.50 cm Po nyiooo 

Oo nyiooo noioin nyun t>o Ppoon nvo mnpn nK^oi noon ,*r 

,ni>o> nyi Km ioko ,50 cm 

Po nyiooo noioin nyun Oo Opoon nvo nupio nn^oi noon .n 

t *V .hOkoo nyj ton ioko ,50 cm 
noioin nyono Ppoon nvo rnnpi^ i>o>o 20 cm okuoj noon .i 

.nPKOo nyj Km ioko ,50 cm Oo nyiooo 
^iapl? moino 2 kg Po nooi lOON/m 1o ^>ap^ moino 4 kg Po noo 
o>o>oo ,40 cm Kin Opoo nvo osoo moon i>o pmon .50 N/m Po 
K>n moon in nioAinnn .omnooi nvo> 50 cm noom noon ok 
40 cm .mooPa moAinn 



?0poon nvo mipu nyoan niipi in pmon mo .k 
? noiomn nyunn nyioo mo .o 
?noioinn nyunn Oo ntnon pr mo .a 
? nioAinnn yAio ,prn Po nnpjiaa pnynP ’ionn mo .*r 
,80 cm ioiiko oinO niiop lkg Oo mrnnpi noo 
mipn .miniooi *pKn p 3° nooio noon 
mniipi nooa nyAia Km nPiPoo 0o *imn noiom 

,n»PK npom l kg Oo noo 
?moAJnnn nomno mnon yAio pr noo inKl .k 
?no*tnn nyunn 0o *mnon pr mo .a 
?noinn nyunn Oo mOomoon nnmon mo .a 
? no*rnn nyunn Oo nyioon mo .1 
?nomn nyunn 0o pm Oo n>opu9i pnynO noon mo .n 
?n>ool?K nmn moAinnn ok m-’K-O moionn nunoo im *run .1 



mMmmm. 

16.35 ivs 


.34 


.35 
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wws nuioin nyun - lb pi9 


jwojio nboioo bv irnion pr -noj g min juiiKn nK’yob >it>ui 

_ , .L bv n^pii9i T 2 Kin ootiyw <pAn .oow o>iiiki 

T 2 f sec 2 ] 

?nt <pA Kpm doiiy; yno .k 
o>y>9ion o»nyn pi >ooJion iwpn mo .1 

4. -Y ?D>l>yn UVl 

y/; ?<pAn bv >cniK>jm yi9>wn mo .a 

/ I ?>it>ui mom g b\y *pyn no .1 

y/ I yi9>v pmi’K piKi ,nmwo n>n m>i .n 

£- —5ifi-i-L !m] ^ ™W>3 n>n ,10 ’ 3r) ON »*P*n 


16.36 TV’S 


b\y nyun mono 10 bvy ptn tioj g min hsikji mnob >1001 .37 

.nboioon 711K dk O’vy oy 9 >11 ivki ,n>oono nboioo 

:niKin jiiKSum ibipnn 
?onit-no 10 moi yno .k 
.g iiK’yob no <pa >/DOT\y .1 
?<pAn >9 by ,7iiin miKii mo .a 
< pun p nKUinn jik o>iwno yno .7 
?<pAi nnK nmpio Kbi 
?p*n mno wio bv pmn mo .n 
?bATt?n b\y pmn mo .1 


10-T [sec] 

L [cm] 

15.54 

60 

17.95 

80 

20.07 

100 

21.99 

120 

23.75 

140 

25.39 

160 


10 moi ov9 bin ,nuw moo vby ibno ^>9p ynp jiK’iob >1001 .38 

:niKin niKium ibiprm .nyun mono 
?7>9pn ynp DK’^ob nun <pAn mo .k 
?< piAn bv/ ’OTiK’im yi9>vn mo .1 
?^>9pn ynp mo .a 
?on>yn jvvkio bmno u>k <pAn vno .1 
mipi mm iwrnb po bin nr>K .n 
?X-n i>y oy *rin>nn 

,0.5kg mt?ow <pa by byi9n bipvn nun jik iKJion <pA 709b .39 


.pjiynn bv n>spji9i 
SF [N] ?uio*m nil Kin bip\yn nun DKn .k 

tf ?nnn ynp mo .1 

?nyojm bv nt-non pt mo .a 

. 2 yyioiy Jiymoon ntnyn >no .7 

i 5 ?TnK mi-no pi- 7^01 nun 

-5 | x fml 7 ok onm nil b\y nm ^iAn ok .n 

-2 — —T^sL no v»\y n>n yn>i ,<pAn by byi9n 

bn nnm nyunnw pn> OKn ,700 
16.37 ws ,- w ?nuioin nynji JiKi- 
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ooioq noiooo nyoo - 16 p 39 


y 9 ioo 3 io’o Py ono 2 kg 10000 Piar 
yi 3 po ^’ 9 pP oiop K1003 ,30° io’mo 
.100 N/m iPo ^’ 9 po 
?Ppoo >iw 3^03 ^’ 9 po oioo 003 .k 
ooioooo oyooo Po oitooo pt mo .3 
?oooo ok o’o’oo ok oosoo 
P300 no omomo oyoooo mo .a 

16.38 TPS • P^IOO’ KP 

osoiko o>3>9p oo mw flpinwi ,pPio Py oono m=lkg ooo 
noon ok o’o’oo .i00N/m ooPo ^’ 9 po yi 3 pi L o =l0cm Km ’oyyo 




.omnvni x 0 =lmm ’p9iK pooo 
?imnno oyoo K>n oyooo oko .k 
pooiooo oyoo Km oyooo oko .3 
PO’Po’tnoo oiomoo mo .a 
7oyooo Po *mnon pr mo .3 
703oyoo Po o’PP 3 o o’aoiko mo .n 


16.39 TPS 



.R=40cm noinoo myp omnoi 713 m kPP p’Poo 20 gr 10000 0133 .42 

.•pKP oon a 0 3 ko mop 00113 01330 ok omwo 
.001030 oyoo K’O oy 11000 mom/rom .k 
731330 ys3oo omioo oiono mo 3 
?pto Po o’3pii93 poyoP oorno 100 .a 
, ?030yO0 PO 0’PP3O 0>A33KO ’DO .3 

16.40 TPS 

.OPOIOOO Po 317000 pi 0300’ 33J’3 .T 31100 pi O’DOOO OPOIOOP .43 

:0’K30 onpooo 30K P33 
•Oyi3p 013’0O3 >p 91 K 0’33 Py OyiO 001303 OPOIOOO OK O’PlO .K 
.a 0yi3p 031K03 ’p91K 0’33 Py OyiO 001303 OPOIOOO OK O’PlO .3 
.oyi3p oi3’oo3 oPiyn o’Pyo3 0 P 01000 ok o’Pio .a 
v r <<-■■ .a oyi3p 031K03 oPiyn o’Pyo3 oPoiooo ok o’Pio .3 o, 

’33K ^’9p Py 4 kg 10000 OAO O’OOO .44 
T- .50 cm-3 ^’9pO "(11300 *J30 OK31031 
,6 kg PO 09013 OOO OAOO Py O’OOO 
~ .030 Ppoo OI’OP 033yOO OK 0’K’301 

<1103P 309K 13 ’PO’0300 p03O0 100 .K 
KP OOOOO *J3 ,000 ’9P3 OAOO OK 
7031300 pi3 OAOOO pOI’O 
: *93 pooo ^033 OAOO OK .3 
7p10’30 O’O’ pi 003 30KP (I) 

, 41 T™ 7p1000 yA33 oooo oiomo mo (II) 
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wt»b"n»3i»*ffT fWMi - 16 pnt 


' mawn 

T=2.51sec .A D3’0> F=2.5N .3 K=25N/m .N .1 

f=1.59 Hz .A a =40m/sec 2 .1 n^K&Y; F=40N .K .2 

v max =±1.26m/sec .A x max =±0.2m .n K = 157.91N/m .N .3 

a=0 7 v=0 .ft a max =±7.9m/sec 2 .7 

Vj x=0.4 *sin(7r-t) (II) x=0.4-cos( 7 r-t) (I) .4 

x=0.2-cos(5 *t) .A uj= 5 Rad/sec .1 A=0.2m .N .5 

x=0.06 *cos(0.785 *t) .7 <po=0 A T=8sec .1 A=0.06m .K .6 

x(l) =0.0424m .n 

v=-0.047 ’sin(0.785 -t) ; a=0.037-cos(0.785 • t) .7 

v(l) = -0.11 m/sec ; a(l) = -0.096m/sec 2 .1 x(l)=0.243m .N .8 
At=0.62sec .D t=3.04sec .7 t = 1.96sec .A 

v=2*sin|j-tJ .7 y?o=-7r/2 .A A=2.55m T=8sec .N .9 

At=0.595sec .A At=0.49sec .1 At=lsec .N .10 

v=-15 *sin(5-t) .7 (po-0 .A T=1.26sec .21 A=3m .K (I) .11 

a = -75-cos(5-t) .n 

v = 12*cos(6-t) .7 <po=-7r/2 .A T=1.05sec .1 A=2m .H (II) 

; a = -72 *sin(6 *t) .ft 

<Po=“^/3 .A T=1.26sec A=4m .N (III) 
a = -100*sin(5-t-7r/3) .n v = -20*sin(5*t—7 t/3) .7 
Fniax - 1 ■ 58 J .A Ek max - 1 • 58 J .1 V/nax - rt 1 ■ 26 m/S6C .R .12 
** E P =0.395J ; E K =1.185 .7 

t=1.44sec .A v(0.5)=0.11m/sec .1 v(2) =-1.57m/sec .N .13 

v max =3m/sec .7 (p 0 =0 .A A=0.6m .3 T=1.26sec .K (I) .14 

a=-15 *cos(5 *t) 7 x=0.6-cos(5 *t) .n 
v m ax=2m/sec .7 (Po=^tt/2 .a A=0.33m .1 T=1.06sec .K (II) 

a = -12*sin(6*t) 7 x=0.33 *sin(6-t) .n 
Vmax=4m/sec .7 v?o--tt/ 3 .A A=0.8m .1 T=1.26sec .R (III) 

a = -20*cos(5• t— tt/3) 7 x=0.8-cos(5-t-Tr/3) .ft 

V max - ±48 m/sec .N (I) .15 

E=5760J ; E K =5760-sin 2 (6t) ; E P =5760-cos 2 (6t) .3 

Vmax=±6m/sec .K (II) 

E=90J ; E K =90-cos 2 (3t) (II) E P =90-sin 2 (3t) .1 
-- v max =± 10 m/sec .N (III) 

E=250J ; E K =250-sin 2 (5t-7r/6) ; E P =250-cos 2 (5t-7r/6) .H 
■«-. L=0.248m .A 2.6% .3 T= 1.795 m/sec .K .16 

Vmax=±2m/sec .A T=1.26sec .3 A=0.4m .K .17 

’ f ’ 4 - 7 t=0.63sec .D a max =±10m/sec 2 .7 

" ! x=±4.93m .X v = ±3.92m/sec .H v = ±3.92m/sec .K .18 

4 .n x = ±4.93m .7 
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ntnvo *>ji»7n nviin - 16 p70 


x=7.6m .A x=-7.6m .3 a=-3.16m/sec 2 .K .19 
amax=±9.8m/sec 2 .X v max = ±0.98m/sec .3 A=0.098m .K .20 
U e i = 1.92J .n x=0.098-cos(10-t) .7 
x=0.089-sin(-v/20-t) .X A=0.089m .3 v max = ±0.4m/sec .K .21 

v=0.4-cos(-\/20-t) .7 

x=0.4-sin(5't) .X A-0.4m .3 v max =±2m/sec .K .22 

v=2*cos(5-t) .7 

¥ - A fr h 

Kb .X p .3 !=■— f - T -\ — X -23 
' sin(a) V g 

^max - 0.196 m .24 
ir/3 (IV) tt (III) -7/2 (II) 0 (I) .25 

v m ax=0.3m/sec .A K=150N/m .3 xi=0.133m ; X 2 = 0 . 067 m .K .26 

x=0.05-sin(6.12-t) .7 

U e i=0.48J .7 x=0.196-cos(10-t) .X T=0.628sec.3 A=0.196m.K .27 

Ax=0.255m .A t=0.35sec .3 .bpiyon D71pl3 .K .28 

T’ = 1.405sec .3 A’=2m .K (I) .29 

T = 1.405sec .3 A’ = 1.79m .K (II) 

T’=1.405sec .3 A’ = 1.84m .K (III) 

x=0.22-cos(-v/20-t + 1.11) .A T=1.4sec .3 A=0.22m .K .30 

v=0.98-sin(x/20 -t + 1.11) .7 

x=0.2-cos(v(50-t) .A T=0.889sec .3 .Jl’lixnn nyiifi K .31 
U e i=7.84J .7 T=0.89sec .A K = 100N/m .3 x o =0.196m .K (1) .32 

x=0.196-cos(v(50-t) .n 

U e i=8.88J .7 T=0.628sec .A K=200N/m .3 x o =0.098m .K (2) 

x=0.2-cos(10*t) .D 

U e i=8.88J .7 T=0.628sec .A K=200N/m .3 x o =0.098m .K (3) 

x=0.2'CosdO-t) .n 

U e i=8.76J .7 T=1.26sec .A K=50N/m .3 x o =0.196m .K (4) 

x=0.2-cos(5"t) .n 

U e i=lJ .7 T=1.26sec .A K=50N/m .3 Xo=0 ,K (5) 

x=0.2-cos(5-t) .n 

< U e i=4J .7 T=0.628sec .A K=200N/m .3 xo=0 .K (6) 

x=0.2-cos(10-t) .n 

t=0.314sec .7 t=0.254sec .A t=0.374sec .3 t=0.314sec .K .33 

t=0.338sec .1 t=0.314sec .fl j ... 
T=1.62sec .A A=0.37m .3 Ax=0.267m .K .34 
x = 0.37-cos(3.87-t - 0.76) .7 

A=0.021 m .7 v max =0.073m/sec .A T=1.795sec .3 T=0.45sec .K .35 
.>ii’\y Kbb ’3-1 ’K m3wn .1 x=0.02l-sin(3.5-t) .n 
x=0.042-sin(3.5*t) .’D A’=0.042m .’7 v max =0.146m/sec .’A 
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nows nyun - 16 p7o 


'JIX V19>V .D g=9.8m/sec 2 .7 m=4-7r 2 /g .X T 2 =4-Tr 2 -L/g .a .36 
Ax = lcm .D At=0.01 sec .7 DN’AWl JiiOpn .H .37 
>p9pn no» .n ^>opn non .7 m=4-7r 2 /k a m 'xv nnjpji 9 DT 2 n .38 
.p .D W=0 .7 T=7.02sec .A K=0.4N/m A p .K .39 
A ma x = 0.049m .X T=0.628sec A x=0.098N/m .K .40 
K = l-10~ 3 N/m .7 v max =7.07-10“ 5 m/sec .X p A p .H .41 

E=2.5-10“ 9 J .n 

E=0.245-a§ .7 f=0.4-a o -cos(4.95-t) .X f=0.79Hz A .42 

(ron\y> nnoa’on 7>s) run\y> h'x a T’=T .k .43 

T’=T*\/ — .7 niniy’ h 1 ? .x 
V g+a 

rPyo >9^9 v=5.8m/sec (II) t=0.77sec (I) A A=1.25m .X .44 



ft*T>M - 17 pPQ 


17 p*i a 

nras 

Nno 17.1 

’Poaia ni3i ,nin>jio ,pia>n uaa np’aaoa dm d>Ppa>a lanaKo ninian an 
dnanan ,o’an i>a vao ninia dn kPk ,vaoa d”o>oa ninia da>K dn 
1» ksv .dniK o’a’aaon niPipPiam d’cionn pa d>>Pnon nimao nKvma 
d»o>oan ninian p anK Kin di>n vmn >a Pvo ,na>aan nia Kin mn PPan 

.vaoa 

aiaaP anoo nam aia’oP dAi paKP niann nP>9aP dA >KanK m>aan nia 
.waoP a>aoo naPn >aaia nvianP dAi ,P<a\ym niKAn nivamP dA .paKn 

am>a Q'awnn d’an’orna anK Kin na>aan pin nK>a«o Po motonn aio’on 
P\y nmoon ninnann laaK’n kP ia .mnaao pp Anna .vann niaPina 
,na>aan pin P\y nmoomn ninnannn jik nt napoa aKnai ,d’>vao niai>va 

na»ian pin hn^o bv nmiaon ninnannn 17.2 

paKn aiaao nnann Pv nooiaa nn>n d”oon »aaia Pv n’aioapn no>9nn 
>aoP o’pPinn d>aaian ,ia>aoo d’aamota d>aaian Pai ,dip>n vaaoa Kin 
naP >aaiai ,paKn aiaaP anoo PAVoa d>van d’viap d>aaia .d>Aio 
nma naPn >aaia nvian jik aKnP >aa .naana naaioo nviana a’aamonn 
maa asiao naPn ’aaia avian Po aKO paioon aiKmn .am>a paioo aaon 
.nao 1400 pnnn ( 01 K 01 P 109 ) >oPn diaiaooKn >a> Pv nao 1800 >a9P aaa 

kPv tnp>aa9ip awn iai n’vann navnaa Pm pano PPinnn 1543 naoa 
dA ,PaK ,na>ao d’aamoo naPn >aaiai ,om;n kPk dip>n vaan K>n paKn 
paioo aiKmP ppta Kin dAi ,PAvoa K»n naPn >aaia nviano non oip>aa9ip 
,nao nKd ovoa pooa nPapna KP mam .naPn »aaia avian aKnP >aa aKO 
pi (daKn pi paKn aiaao nvtaaon aaon) noaAo d”aan o»opn PPAa p 

.>vaon naiK>na )ian>n aoin PPAa 

ia>o diaiaooKn .Kan p9n»P nK>an nvoiaiaooKn avo^an nuiPiaao aia>o 
)Kni’ ia>oPn >a>a mid anKP inniao o>ama Po nanK moa poK nnaa 

.aP9p 

vn kP aPap Po vpin ,o>pin noiPva inoiai niomao on aP9p Po vaiapoo 
d’pin d’Kapa nPKa d>pin) ai’9^a Pv d>ooiao i»n kPk d»oaiK>a d>pin 

.(d»a>9)DK d’pin ik d”avoa 

pa anKi d»avoan d>pinn aoiPv Pv aivooom nio’an aK Pa daip a>aa 

.d’pinn Po daiapn aK )ioi>a n>ain a^>a nKaa 
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imaa -17 pno 


- aP9p >pin noiPo 

x>n ooon aoxa o>>o9>Px o>PiPooa oooP a>aoo o»vi naPn >aaia .1 

onpion *mxa 

>noo onPo o’pn-ion oiaoo ampin Pa nx aanon ipn x>n no9>Px 
m>op m Py no9>Px na>P no9x .nnt kid ,onpio nixapm nvnpi 
oiao .ivi9>y n> Py nmo oinn m>ooi (onpion) nvnpi >noP om 

noa>PxP .(’K17.1 n>y) pin Pa yiap nxoi f 2 a-i fTa o>pn*ion 
>3vw no9>Px Po >029 napo xm Pu>y .ooo non >ox*i vy .on>a oo 

.nupin rnnxa on nnpio 
*n>s) oiPa i>x noon ipion impiai onpion p mxa nxsoi ooon 

.(’217.1 




mrrn (tripran) iinipj ’mop uin m’ujj} ’r> Pm msu nog’Pit .h :17.i tps 
ipinn nog’Pttn npinn ima jinsoj umam .a .train uinn irpntu inn nno’un 

.mP3 I’M ’JUKI 


.o>nno o>jora o>nno o>noo noao aaPn aanan ooon iw nopon ipn 

ooon jin nanon ipn py Panoi ox 
oi9nno ooon ooa roPn aaiai 
Pa apian aoxa nnx oy9 ,At xin ono>a 
p 3 (P 2 -i Pi nnipj) oooP anpn *m>xa 
nmpi) ooon p pinm nn>xa oy9i 
onsun o>noono nx*o , (P 4 -i P 3 
o>P>oa ,ix .o>no on op 3 p 4 -i OP t P 2 
n90in o> pi m>n> Paa ,nnnx 
.noiaon nooP nyiap 
noon nx poi ox ,hP9p naiprn yvr> n>n xPo) >oono mooa 
:*p ana>n nyiap x>n pi n*t>n>a noon H9omo niaiyn nn ,A-a 
AA 


.2 



.n*?gp ’jiu cnuoin pin :17.2 tts 


At 


= constant 


:Pap3 09XP n9Xio pin m>n> ia Piaiai 


.. AA dA 
lim -T-7- = -3— = constant 
A£-»0^t dt 


(17.1) 




na>a5 - 17 pvt 


jvv>a«m fiptwi pai Jiaan aaia an’v *?v airnon pt yia»a pa vmn 
.Jiaan ’aaia aaa yiap on> Nin aaian Pv ymoon aia’vn wan aw 
Pino jvsno jin .T-a aaian aw anN aia’t? aw nnnon pr jin pwa 
on aianan wana pin R) R-a poa nt> 9 >aNn aw ’WNnn n’sn 
aia’on wana na9 p >*r> ay Nuoa nr pnno .(’aayo Nin aiaoon 

:yiap tarn oma’a o”pJio .”ysioo”n 



.Jiaan ’aaia aaa nnr yiap Nin C nvNa 
>oi*rii t 2 -i Ti on onaw nirnon oorw jiaa ’aaia ’aw ay aanoa on 
aviaa aaia onowa <pwo c yiapni nnNO ,R 2 -i Ri on onaw aia’on 

:nNiiwon jin 


^2 2 

Ti _ Ta 

3 ~ 3 

Ri R 2 



.Nan nwpn yaia paoi 
(17.2) 


.3 


.taip>aa9ip 09 aw niaijin nnma aonaw o’oiw9 *ja aa vn aa9p ’pin 
?jiaan >aaia jiyiajia oman nian Jims ’no aaN .o’>aiN>ji o’pinn vn pa ay 


10 a ,0”0”awn o’9ian ay o’ayi9n jnnianw ooyaon lawn n9ipn nnwa ay 
.pNn aiaa ’39 ay o’ 9 ia ay o’ayi9n mman p ooiw ,jiaan ’aaiai na’n 
ana tano ’9aa nsiNJia onn m’n ay ayi9n nianw yanv pwNnn n’n pova 
.yiNn aiaa ’ 39 a amp Nuoan ni9iin ay 10 a pvaa ,pNn 


ay pjiaai (judo’ 27.3) na’n aia’o aw nirnon pr ay pnaa wojiwn pova 
n’ao9’aoayn nuiNJin jin awna ’aa (384,000 km) yiNno na’n pnao 

.(’ 09 ’aN aiaooa Nai aayoa N’n nyiajinw aia’pa) 
:aapa nayw pa9a iann’9w jiiNnoian p 


aR = w 2 -R = 


4 -TT 2 

-J2- 


■R = 


4 -TT 2 

(27.3-86,400) 2 


■3.84-10® 


1 m 
360 sec 2 


yia’a N’nw pNn aiaa 09 ay nyia’n aaian ji^inuo naana naop n nuiNii 
naav pNn aiaa aw na’aan nia jiyawnw povaa aiaa n>nw *p .9.8 m/sec 2 

.laoo o’pnnjiow aaa 

Ir 

F = ^ :naisn p Nin na»aan niaw non pova 

.pnaon yia’aa *yi9n piNa van man ia’»n 
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n-rmn - 17 pn a 


yin «iwv y*rn ,nr noo mn bo nvbbnn miinnn jik pb tmp nma poio 
ik >bin*ia ib> 3 Ki ,>biyo ik >oa>bK biboon ynb bia> nm mn nyaonn 
,*ibap bo vpm noibo jik 11010 mmn man n*nn Jinin Ji*nyn .»lma>n 
bibooo oioan mpob >o>bon pmn Jinnin jik p*i pn K>nnb o>bin> oniK 
.yi*ia mmo y*T’b n>o mnn 100 mnninn iko ,>biyo biboo Kin nyinm 
mnn ,biyon yin <)n by byian bipon mnno myo p*ian p o>y*n> iiniK 
SF = m-w 2 -R :Kin pboanomn 


k_ 

R 2 


m -w 2 -R 


:bnpi ,n*pnnn nib bbm o*ui nun ok 


2 "K 


:bnpn -y- oo>nn jik w mnonn nnmon cnpon non 



:jnnK mm ,ik 

:Kin yinpn *ioKn *ibap bo >o>bon pinn pmn int 


.jinbn mmn bob nnr mn> c yinpno nomn naouin 


»btm>3iNfl n*r»nnn pin 17.3 

pm Kin ooon no’oo bbm Jinbn >nmn Jiyiin jik iKiion mono ynp poio 

.moo >no bn vn byian mnb o’KJion ,’bo*moiK 
oo i>n mnn nomy jik ikjio ,nmn ji*iik moon omp iiikoio k yinpn 
noon by nnK noo nb>yaoo mnn ,11010 bo ’o’bon pinn >a by .maun 
nnKn obn k oko *p ,nnoK*in byn oon noon nb’yaoo mnb ib-mn mio 
m noo i»n mnn jik iKJib nn pb .noon obji jnmb n»n m Kin moon 
yinpn k yinpn jik nabnno *p . k = G-m-M mm Jiimb k n»n M noob 

.jnoon mon banio G 

m>nnn pin Kipi pmm >bo*moiKn m’nnn ymp K*ipi G yinpn 
nonnipi jiioo >jio i>n no>oon mn jik iKiion pinn - 11010 bo >bo*moiKn 

:r Kin pom pmono m 2 -i mi 


n r pmoa niKsoan m 2 -i m t m>mipi moo »jio bn i>n 
mosiyo in>i»a nnnnn ipn by nn>oo mn byia ,no 



(17.2) 


.moo in bnb nnt mnyo >bo*inoiK ymp Kin G noKn 
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m>nn -17 pin 


,i 3 inmo rnnDn ynp nityno nKi 3 11010 Po ’o’Pon pinn Pk wra ok 

:kid iPap Po ’o’Pon pinn 

_ 4*7r 2 -m _ 4-7r 2 *m _ 4*7i 2 
k " G-m-M “ G-M 

4 * TT^ 

T 2 = q7v [' r3 :kw nimon oi>m mnon \ox pa lopn pPi 


o’nninoo imnooo <inn noon pi kPk m nnmn noon nPn u’k ynpm 

.M mooo (ooon) o’nninn 


pvno nnno immon .o”ioo mm pi KinoP po G ni’nnn ynp nK 
po ni’nnn ynp Po nvt'n'n nn .ni’nnn nn nomy nK ympn Kino 

: 17.3 nKiiooo KinoP 


[G] 


[F] • [r] 2 N »m 2 
[m] 2 kg 2 


G 


:Kini (naom >ioon oii’a) wnjip ’”y noon ynp3 G Po my 


6.67-10 -11 


N Til 2 
kg 2 


:’PomoiKn ni’nnn pin nK ini’ mo pnnP >in nmp3 naoo v’^P nion 
<liin .nnnni nPiya Po ninin in on o’ao oo in m>nnn ninin .1 
f)uni f 1,2 iiokip f]un pm Kino oon <inn Py nm P’yao iioKin 

.? 2 .i oiinn *yiani iPiun nnt nm P’yao oon 


F2,l Fi,2 

O-► -«-O 


mi 


m 2 


.naum nlniD Itu mm: an on iron ouj yu nrunn rnma : 17.3 it’s 

’iPpo ’PoinoiK yinp Kino G ni’nnn ymp pn PnPnnnP i»k .2 
p I’nii’O’o iiopn K’no g ininn nmKn ini N-mVkg 2 vnumn 
nymp kPi (nninP nnmo ninoo) n’PoinoiK kP K’ni m/sec 2 
.(^iKn inn Po ooio o’in’Kn iP’aK ninoo) 

13’K o’au ’30 i’n ni’nnn mno nn3nn nyPnio ni’nnn pm nioon .3 
•jio’o iin’P o’Pm’ D3’K onnK o’an .onnK o’an ninnon nPn 

.nr Py nr o’ann oo nyaon nK yooPi 



.onm ■'ui’liu ■iia mnnun uaunn tt'i D’ma mu m man mn :17.4 tpx 
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na>aa -17 paa 


«>k moo >no ba pa byian mam anKo ,moo moo am> o> aoKa a 
Kin o><mno anK ba by byian bipon man ,moon aKO ninaua >ibn 
pap>y Napi nt awn pap>y .vby o>byian mman bo bipon 

.nnmaaaion 
yaaK o> ia 17.5 aim ,boob 
<pA by >bban man ,nmo moo 
pao mman oiao Kin l aaoo 
pai l <pai 3 <pA pa ,1 <pAi 2 <pA 
.l<pAi 4 <pa 

sfl = ?2,1 + ^3,1 + ?4,1 

dido Kin *7ii 'aipuin man :17.5 ivs 
.inDnn DNoin imu *?d vn ma mniDn 

Kb o’qia mb .mmaipi moo mob paj 11010 bo na>aan pin .5 
.o’baAojK own oam ,-tko iaioo Kin aiomn o’maipi 
.it mam pma oononb pio onnvo onpo ooa .ban 
ommnb pio nt napoa .o»ana on o’ann aoKa Kin poKan napon 

.anan taaoa ntaiao K>n ibwa noon ba bK 
aKO bm pnaoa o’ksoj o»ana Kb o><m aoKa Kin oon napon 
piKa ,pio nt napoa .>osyn obano naana bm pnaono *p onma 
nma ok ,boob ,*p .o>maipi on ib>Ka omnn bK ommnb ,aaipo 
na»n m>K inano) pub pai >pKn ana pa na>aan ma ok aonb 
,maipi Kin ibwa pnbn bK on>>m ,ia»ao aamoon (mana mmb 
.ymn anao ipnaoo naana p?p ibano pvao 



'3 # a 'K 


D*»aia '■ia'? ,('**) o^impj D^aia ,, ia*? iidj iiitpj ‘jqj mviDn pin :17.6 tpx 
,(' a) m^ri pmnrm rmni iup oVnauj D^aia \i;T? znipn laiNii ('i) 


m 2 

o 



:o>aaa >w o>yau F = k/r 2 na>aan nia nano 
nawon nia ppi fbm *p ,baA o>ann pa pnaono baa .k 

,ono>a 

o><mn >w pa >oioj>k pnaoa pa .a 
.onma nawo nia mmb p’oao 
,bm noa ay moo Kbi ,>aio pnao baa 
Kin ok ib>aK ,nawo ma ono>a mm 
na>aan ma ,manK o>b>oa .pap *tko 
,>qio3’k nbiya mio oy ma Kin 
nawon ma bo mbnn bo <pAn nan 
r :K>n o>ann pa pnaoa 


.6 
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nt’tt - 17 ptfl 


,ntb nr o’tvoi Kb yno ,onoo bbAt ntwo nit o”p o> 9 iA ov bt i’t ok 

tyibivn by nt t’b nt o’Ksom 0>t90 >w ,bvob 
oyo p>900 ,tKO vbn hid kid nt’ttn now pi’to .-pt’nt nmyi ntwnn 

.vby ttAimb »tt ptm iko 


O’t90 »w bv onitvom fiy>i»y wmn io>nn otpo mo 
?400 gr ono tnK bt jiooi mo nt 20 cm pntot O’Ktom 

:Kin o’t 9 on tnK by o’byitn nmitn owtn 
N 

rnnnot t 9 onv iii’to 

SF y = 0 

N - mg = 0 => N = mg 
SF X = 0 

F 0 - f s = 0 =* F 0 = fs 




:nmii 


:imo 




F q 

illli 


mg 
17,8 tps 


Illpf 


i® 


F c = G-™ 2 :(jimt moon ’jiv) Kin nt’ttn nib 

fsmax = Ms-N = >s-mg 


..i.. 


•Kin ’bo’oton moon *pt’nn nit 


_ _ 

^ * ~p2T - P&* mg 


. .. 


1*1! 


/* = 0 .^ = 6 . 67 - 1011 .^^ = 6 . 8 - 10 “ 

nit tpy o’t9on jiyim jik yuob p ’900 ’ook ptm otpo 

.omi’t ntwon 


Kin nt’ttn nit ,yiKb t’too ntm Jiyiint bvob lot ,*rit’n i»k tv«t 

.nt>n Jiynnb otun Kim ’oii’onn mtn 
ntmv otipn pt9t o’Kt ?yiKn trtt 09 bK ntm too Kb nt ntpot yno 
K>n (nvyob n’o9’bKn ik) Ji’bAyon nyonn r'pKn tnt 09 bK b9ii p 
.yitpn ibiboo by tow <innv itt ntm ji’t’oji nb’9it 


dtid jitmi n»bN>ut3’N noo 17.4 

oy 9 t ,o»oy 9 y> 9 in Avion .p’ltot nt ty ttAin Kb ”noo” Avion viown 
,n>bK>yti>K noo OKtp it noob .11010 bv ovn pint non ny> 9 in nnvKtn 
s? = mi-a :ntm tntmb tioK n>n pinni 

bv >wn pint viowb .untmo »ii’v jik yoob <inn nbit> jik ntto it noo 

.nyiKiin jik tm’n nitn tipo mo nwo Kb iiovi 
:tJit>nb *ptu n>nv ,11010 bv nt’ttn pint noon ny> 9 io novn oy 9 t 

p _ Q m G I • m G 2 
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n*r>ab - lr pna 


Kin “ni'iD noo” ,o’ 9 nn t>\y n*r>DDn moo p m G 2-1 m G 1 moon dokd 
P yn inn PdP 700’nP iP naiun ,<yon Po nnmo>o moni pon con 
.<iun Po nyonn mu mo moo kP ,nr pinn o’oonoo *iokd .miDn nmK 
? = m G -g :mm nooo ,pKn wd 09b mp , (Ppoon) n*r>non niD 

.miDn nsiKn K>n g dokd 
m G *g = mi - a :po )ioio Po oon pinn oy DiP’on 


n*r> 3 Dn noo i>a on>n ,*tdid nywn nmK D» 9 wn PdPo ,poin Kaon *inKo 
ok mnDP Kin nni’n non .o>9on Pd!? nm mmP D»n n’PK’sm’Kn nooni 
yiDp Po iDiy >o»wP p*1 nonn nn>n nnnK nmnn) l-P i’on nnoD on>n 

.(G >PODDOiKn n*T>DDn 

n>PK>ym>Kn noon ya ynpn onmo ,oi>d o’kio 0010 o’oi’oi onpno 
iP>kd moon >no Pk on»nnP poo *p * i/io 12 -P *ry nooi ni’DDn nooi 

■1P*tud mnt p 
.nm >3 mpioy niDPon nPya k>d it nKmn 


Py Diom n*r>DDn nooi mPKorumn noon ya nopn nK i>anP na 

.mPPna Kyom oikjdook 
P o TDiDn nyiKn nK *nio oiKinooKni ,pKn dud 09 Py n’PPnn dokd 
pin*i nKyoi n’PPnn dokd . 9.8 m/sec 2 Po nKSin Pnpo Kin <y* Po inP’ 9 i 
nPnpo nosy n’PPnni ,inoPD ddid Po ny 9 on Pdo npim ,^DKn *ivtdo *tko 
nK *mo’ n’PPnn -yinn oiKinooKn ,nPyo ’ 9 Pd 9.8 m/sec 2 Po nsiKn 
nmK yi’DP yo’ Kin pan nK *nno’ Kin dokd’d ,”*niD nyiKn” nniK 

.nyiKnn nniKD n’PPnn 



.g nsvtra rciNinn ipDDini yum ira ■>J3 •» irmu nm ~m3 dsind :17.9 tps 

*iud 09 Py ksoj Kin dKn ,0’PnnP PiD’ kP oiKinooKn n’PPnn *jino 
n’omPnn nooni) nt’DDn niD Kin noo ’ 9 Pd ^un nK *joion niDm yiKn 
nouo niD PPad nomi nsiKnni ysmn PPnn Kino ik (ntnon noo K>n 
.(n’PK’ym’Kn noon K’n n’omPnn nooni) n’PPnn mnnno ynon 


- 443 - 



m»aa -17 p*» 


:(m>o 3 bii>iipKn) nib'pon )iap>y Kapi nr vap>y 

1 >a >iooa v naJ1 ^ aosK >k - (jmtobiviipNn) nib>pon inp>y 
nsiKno nnsina o>»no nima nyavn vai na>aa mms nyaon , 

.nanon naayo 

niwa i»ov3”h ©aabK nn>90 n>bban mon>n min!? o>oan Kin nr iiap>y 

.1915 

G »bo*i3»3iNn fiTMn ynpi g JiaiNii ya yvpn 17.5 
oi o>kjio pinn oaaai ,moo mo ba yn na>aan nia jik nr pnaa mx>ii 

.pKn ana >iab tko aiap Kyoin pp <jiAb 
bK on»nnb u>by ,na>aan pin >a by 
ibma ,nna <in Kino )ii>ao ,yKn ana 
.iraaoa nraiao moo ba 
pb nmi yiKn ana vai nun yi pnaon 
.Re- a oooio yiKn ana omab 
ana vai m inooo <inn pa na>aan nia 
:pb Kin M e inooo yiNn 

j? = G- 5 ^ 



Ksnjn qia ra pmnn :17 .io tps 
F inn Tra I’ll F3NH iitd *»jg ^11 
.Finn niTD om win 


Kin p^i ,g hsihiP tnu ,^Kn nm nnp ,n-r>iDn hid ,^k 

.nr pna ny >£D ,mg-!? niiv> 

G • m -'M g = mg :Kin on>i»a aopn 

Re 

:m noon oiyoy anKb ,)Kaoi 


g 



(17.4) 


^aKn ana nooo nyau finn ana >ia by aaian nyiKno naoiK ftKr 

.lomaoi 

aaon <iioa niKnoun <pa nbaoa o>y>aion) ^pKn by ooinia oonoi ok 
M e = 6*10 24 kg ; R e = 6.4• 10 6 m :(572 aioya 

6-10 24 m 

g = 6.67• 10~ U • ,. . « 9.8 :aaian nyiKn ok bapi 

(6.4-10 b ) 2 sec 2 

bapnon bann aao jik pa nb nKaon .naaipo nKyin K>n ir nKym 

.aaian nyiKOb 

,a>on nuai pbi o>yiap o>aay nyaan pa nmr K>n 17.4 nKiioo 
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TVP39 - 17 p79 



17.11 TPS 


,^KD 7179 >390 pim KH03 <71A 7WK9 
w n7ip3i 7ii9n miKii ,1090 h pmoi 
l>i pmon >9 g-n 7ni> n3op n>nn g h 
.Re dipoi Re + h Kin moon 

(17.5) 



g h = 6.67 • 10 _u • 


:K>n 7ii9n duikji yiKn >390 100 km Pw mm PooP 
6 •10 24 _ „ m 


(6.4•10 6 + 1-10 5 ) : 


= 9.47 


now nmp3i oa ,7ii9n miKn Pv nanyi o>>i3>v o>72i>n o>oniA 7900 v> 
3>U100 *|*iy Kin ^IKn *1179 >39 Pv 9.8 m/sec 2 Pl2> *[73»m ,yiKn *1179 >39 P3> 

:p mi>on .71P1 

noin 9 n) n>PP9n imm oa nnmn miun yo noit> >pKn 7179 .1 

.nown >39 mm oai (o>iopi 

o> 7 ir>Ki no7Kn Pv n 3 iv i 97 n ip3> ,n7>nK n 3 >K pKn 7179 ni 9 > 9 u .2 
.(d>limO JlIKSO’n P 3 > ,pP , 7 > 3>0 g P\y *77311 >13>Y>) .0>31W 
n>Po 9 > 7 o 33 *n nuiKJin ip3> n>ooP 071A n>u i>it> yiKn 7179 m>t> .3 

n 3 op dA ih>ki innn ipi n>P3>n o 3 » pp m>on 01m .a R = w 2 -R 
g K>n D 7703 n nsiKnn pPi m>o PP 9 i>k o>iopi .m>t>n rmon 
Pv m>on 711*9 Kin Ppoon 711*9 ,nKt noiyP ,niwon ipi .pi> 7 i 



17.12 71’S 


.pKn 7179 

rnmo > 7 > Pp g’ imosn 7 ii 9 n miKn 
niivon ipi ,(F) Ppoo 701 71A Ppwo 

:n>nn 

£? = m-a 

m-g - F = m-a = m-u 2 -R 
F = m-(g - cj 2 -R) = m-g’ 
g’ = g - u 2 -R = g - Ag :)K90 

7179 >1AP d’3»17>n d>973in UK 1>33 dK 
R = 6.37-10 6 m :^7Kn 


_ 2 -7T _ 2 -it 
W ~ ~~ 86,400 


* 7.27-I0“ 5 


Rad 

sec 


Ag = w 2 -R = (7.27• 10~ 5 ) 2 -6.4• 10 6 = 0.0338 ^ :Plp3 

sec 2 1 

ip 7*1 d»3>i Jii7ip3i .0.3% Po K>n mwon ipi nmAin n’oono 79 

•Ji77i>i mPm n 3 ) 9 wnn ,o>iopni nnoon 


- 445 - 







- 17 pia 


nrasn rmy 17.6 

,yaoa o”o>oan ninian ixo ay ina ,o» 9 ix oo pa ayi9n m’aan nia ay 

:nnw >noa aanona po 

pa nia o»po i 3 »n ,pinio nia ayi 9 o> 9 ixn pao ioxa x>n niioxm niian 

.yxn on>3>a pxo nnna o>9ixn 
ii>s) nanon anion ay nnx nooa o>o nyavnn ay naanon noon nnsn 
P mipi) anina mipi aaa mm3 ,nnx noo o>o yxiao myioi ,(17.13 
am dm naaia n>30ii93>xn .noon nixso’n >axa n’maii93’x ,(aona 
oxi pnmn anx ox) noon p mipxn ao ? pnmn nopii nxi m noon 

* .(noon ao pi’an 



.non nn pnoj ,p ,imm ’nafta rmpi 
m - nnx non m nDnn DT .p ^ n^nrrcn’N ra id 1 

.m nonn p mipjn am r pmnn am 

.h’Id n’smraj’N imni mijjj Ini rnsv JirtN non mNsn^n : 17.13 ivs 

mip 3 aao pi’an ,anina n*npxa niipin mnoo noon ay n’mii 93 ’xn 

.noon )o mio pmna nxno3 anina 

.ni>aa mo o’xup mip3i mips aaa nxsnsn nomii93’xa 
Tiya <10133 na>ao ia o’o n’mii93’xn >a ’iiopn ntw xin m’aan mo 

.pva ox ,n 900 

o’xm (17.14 iioO m’ noo noo ,m>aan moa ’noaa mipia o’oio yxia 
am .niioxin noon n» ay imio n*paa moa nnixanm aaxa nia it noo 
iiy P mip33 nxuoin no»mi93’xn .nama nan m’ noon ay ay9’o nian 
”P niip3a amno noo m>m ay ay9’o man mo” x’n m’ noon 09 a 



.mD ains' rrr'Mn rrrtu'? tiojdjh m’ non Id Id :17.14 its 

noo) P n*np33 lkg ao non >3i>m pixa a>33 n’uoii93’xn nx aona na 

.()nia non n>xip 3 it 

f = g- 5 ^ :xin nian am ?nonn ay ayi 9 n nian inn 

r z 

.m noon )ii>aa xin nival 
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na>aa -17 paa 


mnKn oy babannb Kb >aa *'-ft) |’-a poi noo nnm> by byian man jik 
(. naipj baa aaia naiKn K>n g’ .ymn ana oa by aaian 

:na>aan nao mi- 


naipia nay ion noo na>n> by byian man - na>aa nao 



( 17 . 6 ) 


ba by ibya> )ioio noa n :K»n imyoooi N/kg p na>aan nao bo marnm 

»naipia aymo noo bo oniib’p 
man bo nbaaob mion ma byai> na>aan naob oiamo m’ noo ba by 
.naipia naamo noon moaa (g’ na>aan nao) noo nam> by byian 


P = r-m’ 



•m’ 


o> m noo >a> by ayun na’aan nao bo anaoa naipn naipi baao iivao 
bo >m>y aiK>n ,noon 10 pnaoa nbn ibaui noon iioab Kin mvao aiopn 

.-Kin m nmaipi noo bo na’aan nao 




.m non bm ■mupiin rn:n miu : 17.15 avs 


bo >aiopnn bipon Kin anno na>aan nao ,anaoa Jinn nooo aim o> ok 
. am> naaaio naiy bya Kim mmaipm moon bo na>aan mao 



f •* — O O —► f 

m i m 2 

©-<- . — °° —. 

mi m 2 

mDn ’nuj jnaan :17.16 ai’S 
muan ■’didj’n pnanb r pnann 
mill) 


an 4 . it n 

n>*rap ntorstswa tviun 1 7.7 

mi moo mo bo naayo ananb no 
*T>ay , 1*0 n r pnaoa mKyoin m 2 -i 
jik n maoio moon mo .naiay y>ponb 
pmanbi aiiio nia b>yanb o»o *ya ,11- 
Kin na>aan ma nnoi anKo .11-0 n piK 
<1Ko> po»a pnaonoa pa paioi’K 
.oaKb po>a na’oon nia <iko> ,<)ioi’Kb 
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norno - 17 poo 


inno ,o’P*oo3>k iw>n oon .ooipon oo*ionP nomn noioyn moo nwrn 
oiomn) iko woo 3003 oniKi ,iorn Po mooo moon in no’oon now 

.(noon noy 3 

prnoP pon r pmoo m 2 -i mi moo >oo oprnno noioyno ,K>n nKSion 

:K>n nio3’K 


W r . 


_ G mi-m 2 


nnn ooko) o>o”ioo onpoo n n*UK3 ,*\w Pd nioii o ”od Po nKUion 

.o’PKnooia mvoK Po mm ,(oooo no Kin 
n»*i3Kn in oionP nno ,B-P a-o <]\x oiodoo ,nr mpoo ,noioDn 
:omPnonn oPKmonn noo3Kni onion o’PKmonn 

W A _ B = u B - u A 


:ppi ,U G -o jooioo onio o’PKonoia noroK ooaPo mpoo 

w r ^ M = U G („) - U G (r) = 

:Kin no n R pmoo yi iokp oioo mo Po o’Pnmoion mvoKno ,ikoo 

it _it p m i ■ m 2 

U G (r) - U G (o„) - G--- 

pn paoonP kPi ,oonoo noipio oPKnioia nooiK Po tip kiuoP no 
Po Tiyn ok ponno piKo ,ynpp o> ,oioip 3 mo in ovauk Po ooano 
Po owm oso K»n n noniK .ooooo n*npn o’PKmoian n>vi 3 Kn 

.o’PKnioion n’AiiKn 

,*pKn *noo > 3 oP onp onoio O’PKmoia noi 3 K mw>n n mpoo 100) 
oiomP ,h =0 oinm *no>o ok mno nPKo Pn ,rK .Diop g-o I 3 ti 3 >n ooko 

(mgh omon o’PKnioion n> 3 *i 3 Kn 
omun no ooko .union o’PKmoian no*i 3 Kn ok iinoP Kin inon 
U G (oo) = 0 :oqkd ,nro nr nioi’K pmoo 

<in Po Po pnnon ok oonP ovum Poo *pm vko inno ,*mi>oo no nr ino 
■>qio 3 >k ,pioo ,Kin «iio 3 >ko o>ann Po Po pmon .oinm odoo 

01KU03 p ooko oioon m\u Po no*OKn ,oinm oso Po n nomo >a Pd 

:Kin ,no n r pnooo 

U G = -G— — ( 17 . 7 ] 


.oioo >o\u Po oooyo Po o»*Toion mPKmnan nuoiKn ok *ikoo nr non 

. 0*1030 oioono onK Po Po noroKP non 13 >k inr 
Pv ik moon >000 ook Pd moD>nP nPio> nooDon irnanP nomn noiovn 

.nnr nKuion .pmo 
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37’33 - 17 p ‘19 


?jinii3fi ji>3N>sioi9n n>A7iN3 ti33>pw >3>3vn io>on 3\y mi>o\yon >no 
jin n3mo jnoon i>3 pn7on n37An n> 3n ji37i>on 3y mny n>>\yDv )ii>30 
ji>3o>t?3on n>A7iNn jin ii7r>3 uniNi ,n3o Ji>73i3n n>3N>Mioi9n rvAUNn 
n>nn moo mopn n>A7iN 33 w 7173 ,t?9N Jii>n3 (>9ioi>N pmnn) n>7W9Nn 
jn>n3 <}it>i>N3 t>m>n 330 jn>n30 p7 ,73 on ,y3ii >3>3on io>on ,ji>3>3\y 

.t?9N3 nuo 

G>3l3> 11>>3 ^7ND 7173 >193 317p Jl>7313 Jl>3N>U1019 3>A71N >3Vy>tl3iy 103) 
m>n3 3v nNuuini ,7jn>3 naiom rmpi 3 n 3 ,h=0 tnn>n 7io>o jin 7in33 
(.ji>3>3o nn>n Ji’73i3n ji>3N>sioi9n n>A7iNn )n3o Jimpi i>nw nn>n it 

:nid o>9iA >3\y 3\y Ji>73i3n ji>3n >310193 n>A7iN3 jin 7NJion <pA3 


U G 



.n’ain t*i prrmn 3iu htjiMtod iniim irtjrsiuian n’rinin : 17.17 tps 

J1>3N >310193 3>A71N3 30 0VV3 Jl71p1 J17>33W <17A3 )0 J11N73 709N 
,jii7ipi >n\y i>3 3>A7iN3 vnan jin ninny n 3 ,<iioi>N3 o9n ni>33 ji> 73133 
371p10 103 ,DTO DT D>91A3 >10 JIN p’n733 >73 3>A71N y>p033 ^>73 )»7V1 

.2 371pl3 1 

pmo3 m 2 -i mi Jiioon jin iin 33 n 3i3oo3 7vp n33 31131 17.7 nNiioo 

.7000 ni3 Nin 37>333 3130 )11>30 p>i >3 R 

nv7n nnisa JiMion n>A7iNn 7io>w pm 17.7.1 
3>A71N3 JIN 39>330 -Gmi-m 2 /r Jl>73133 Jl>3N’310193 3>A71N3 

7173 >193 317p 1>3 0>91A7I 7VN3 1100J103 330 mgh J1>7313D J1’3N’310133 
>N 733 ^7ND 71730 D>p37JlOO 333 31J100 g 73133 J131NHO )11’30 ,>pN3 

.IT 3N11003 000033 709N 
np>170 3310J1 )>N ?-Gmi-m 2 /r >10>33 mgh >1D>33 }0 7131)3 0>3>>3 >J10 
>1D>331 00131 7>OI1 on -Gmi-m 2 /r >10>33 07TD3 0>310’30 7173 .03NO3 
7173 >19 3DO 0>700l3>p 7900 71) 0>3101 0>33A3 .317>p3 p7 1131 mgh 

.371pOn >10>33 000033 1J1>1 ^7N3 
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n*r>39 - 17 pifl 


>W *JV nU*lJN3 nn3130 n>^H’S3039n nn*13HD JIN imm 

3^0 )>3 *wpon ,o><m >w roiyo tw nmon nuiDNn mow pin .o’smn 
13 >w 320)7 ,n Nin o><mn )>3 pmom u t -i V! p noimnon n *tnN 
:nNin mm iw 3 y 3 H 3 > ,r 2 kid o><mn yi pmom u 2 -i v 2 p nvimnon 
Ek 1 + Ug 1 = Ek 2 + Ug 2 



V2 U2 17. 18 TPS ®1 


1 2 1 2 
^•m-vi + j-nvu! 


G- 


mi - m 2 
ri 


1 2 

2 -m -v 2 + 


1 2 
2 • m • u 2 - 


G m 1 -m 2 
r 2 


(17.7) 


N2i>n P 03 lino *wna 'yvn'y poipoo nn m>N moono nnN *wN3 
jin m mp03 *t”V3 . 33)73 ppn )w N>n nw3>pn mvoNn ,pNn nmo 
M e -3 pND im JlOO JIN )OtO .33)73 )?W)7 n>3313n n’)7N72D019n n’VIDNn 
Tiy jin o>3’20 owfl tNi pnN 3313 )73 nvn)? P3> m ,^*iNn hid oipon) 
rpiiDNn ira>w nnou .m-3 pPn noo uni .(o’Diion jiPioo 33nn noo 

:d>dji Pon n’non 


1 2 M E -m 1 2 M E *m I 


(17.8) 


m>N 33 3>93n3 ,n)?o3)7 p>3 o>m»Nn p *mN 333 ny>9io 3>on nooi nnNO 

:oivn3i ,o»W3 


2 

Vl 



v|-2'G’~ 

r 2 


nn >D9 3d> 33 nn jiuiNJi yn ynp 3vp o»pv o»v*n> won 17.4 nNiwoo 
:nNin mmn jin 3in33 po p3i ,ioinm woo )>3i g pNn 


g = 


G *M e 



G *M E - g*R E 


rons 93nn >dq 3y 33 nn nsiNn .'■pNn inn n3i pnN 39 m 33130 on) 

(.17.4 nNiwo jnm mwino m»n3 
:33pD1 ,D’9AN 3’3VD ,>10>3n JIN 3>2D 


2 

v 2 


= Vi + 2-g-R E *| 


•"2 



(17.9) 


.omy 3n>y 33>3 nspo3 now niNmn pu 17 . 9 - 1 17.8 niNiwo3 viown 
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frnaa - 17 paa 


>aPa npann pK Py mi/n na nann nmaa pma P>on Py aivmP p>i 

:o>o»p o>P*ran rnnPw .nPyo 
-G•mim 2 /r-P mgh-o mow nnaian n’Panioian nuaian .1 

na’na >a Py >a nnaia n’Pannoia n>>a3a P’oP v> pan >33 Py da .2 
pnaoa t>aa m>nP nnaian ivPanioian nnaian P\y oinm rmpi 
pan ana pai P>on pa v> pan ana >33 Py P>on a\yaa ,>ai03>a 

.pan aiaa omaP rmvn pnao 

piaa P’on py y>a\yon aaia PaP t?n>a navnno n’Panioian nnaian .3 
kPi (nnnt aiaP myawn Pax pnwPa nam y>a\yo aaia Pa) .>myjaw» 

.pan ana nyavna pa tnawnno 



' .2000 m/sec nn’noa pan aiaa nao nan P»o 
?P>on Pv >Po>oa»n nann ino .a 
»33 Pyo 100 km nana am P>on avaa P»on mamn >no .a 

?pan aiaa 


a noil* 


on onmin a 


l\ - R e = 6.4 • 10 e m ; r 2 = ? 

anv nnn am >a 17.8 nanwaa aPi 17.9 nanvna am 
■111* :(’oono Piaao yiioP na r 2 na aaiai aP) wd>vP 


nmanp pay ,pan aiaa taaoo rmi r 2 omarw p>ao 
nann a>w na amp na .'pan ana oina na 1300 
h = r 2 - r e -l: :pan aiaa 

h = 6.61•10 e -6.4-10 6 = 2.1 -10 s m = 210 km 


on oninm .a 


opoa 17.8 naiwaa nPav/n pansa o>vonvbl ninaa) 
Pv *jayn\y pi>ao nniiy nyp niamn o>papo 17.9 naiwoa 
pma 33>a ,o>yiapn p Papnon g aaian mian 
lavm paan <poavy won niPawP niawnn .9.8 m/sec 2 
np>no namnn >a 17.8 nanv/o natya 
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n*r>ao -17 poo 



>30 Py mnPnnn im>no n»pn n> Py m>P P>o mPvP o>sn 

pan ovto 

?m>n Pk yu> P>oniy no n«/mn n>Po>3>on rnmnon >no 


o nwn 


P>on UK n>om> mo'non «>n ,nwwtn n>Po> 3 >»n im>n»n 
m>m ywn wd po mmon ommno no nipio ,ook nn>nnP 
PP>o m>n Px Pau P>om yixn *mo Py nmn oou it mp30 

.nmn Pv no>v»n mo 

Pw Pyioo Tiyn ,im>n»n Pv >Pmn *pyn P\y Kin ow>nn) 
(>Pmn Tiyno Pm om> oyoo m>nP pos momon 


mm 3 yrnuj rmp] 


N17.19 ivs 


B n*np3P A rmpio *mo pntp d>yp io osoP non noon 
orron\y mooiw A-o n>Po>3>on nio’non .nyoi v> p>3>o owxo 
jnttn x>v>P yunP ortoP oranv momon x>n ,b rmp3P yn> 
*m>o niomnn ,ow) .B nnp3P ovton PiPim ovoi ,nynm Pv 
d’ovno 1303K .tJOKo nPm om> mp mp nvnP nons noun 

(.>Pmn T>yn nx 


rmp30 .mmon pnw mp3 on Po Dip oiuroi .n^Hiyp onm 
mo hk ,P>on nx pxn mo ivno nv no»von mo pxo it 

,P»on py m>n Pv no>von 
nK3 ,(moon Pv myp) m-o nmp onwpn o>P*nn im pool 
.(Earth Pv mop) E o ^xP dnwpn o>P*an 
imp3P nyi pixn ovtoo pnoon nxt ,m’-o pom P>on ntm ftx 

.X-o mmon pmw 

no>n pop yixn moo po pmonw o>y*n> 33mx d’3iron nPooo 
Rgm = 3.8-10 8 m :xm (onPw d>Too»n po pnn»n) 


m>oon mmo po pw Ppi 
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DT»ai - 17 p*19 


_ Me . 


(Re,„ - X ) 2 M m 

X .,/Me 
Re™ - X " VM m 


:*TftN <)ANi> X hn myivG-i m' jin osojo 


:vnw n>su riNiwo m»N n 



:o»jinin n*ioa o>Dnyn jin w 


Me = 6 • 1O 24 kg ; M m = 7.3-10 22 kg 

X = - , = 3.42-10 s m 

/ 7.3-10 22 + | 




' jfi.: ;,| 


nviniNn mown n» !?y twyi im>non 3w>h n 

mrnan n>iw impii (A srnpi) i»on n> impin Jrt>*?ton 

| .(B rvnpi) | 

1 |N o>v 9 ho iiroNitf iivdo oqn N>n B-a n>oj>pn nuniNn 
•oqn ipiUi B mip* t»on jin nw A-3 nivnon 
|BA jnvnno i|| A Jivnpjn nnnan ji>Pn>^)diod n>A*ONn 111 
^y a>y*>wa on>w/ >p orv:i oav yiNn *im> omi 
,17.9 jroipon nNiwoi vojwni> ,pp ,iv9N >n .<iiad 
: mn*UNr> 'jv NPon >io>3a p*i nPn 




f , m , v 2 r p M m *m’ _ p M E -m* p M m -m* 

2 m ' v * C " R, ' “ R t ° X - G 'Si^X 


v _ . I /-• f M i- , Mm M e M„i \ 
|| " V ‘ Re Re„.-Re X R Em -xj 


,A V " IRb Re„,-Re 

va = 1.107 -10 4 ^ = 11.07^ 
m r mmu sec sec 


itopii D’limn jin p>sa 


gj>p n»A*iiNn imiwn n> >y nsoi nvn ny»A9n jm>n» jin M 
§!b = E c :(C) mrci ny>A9n jmpu (B) mmon pvw imp! I| 


r M m -m’ _ 1 fjf, o r M E -m' ^ M m *»’ 

° -X~~ G -R^X “2 m VC_G SFR;' G ~itr' 


5.Ill " ::: 


Vc = ,/1 g-(M* + -Ms— - Ms - Mn. 1 

If : V \ Rm REm-Rm X R Em - Xi '11111 


VC = 2.26-10 4 s ^ c -22.6 ~ liOpAI O’JlJWn JIN 3’3A 
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n*r>33 -17 pna 


owife 17.8 

,o>9ii >10 93 v 3 ns>oon ni3 >319 1133 poi’i 9o >9o*i3>iiKn n*r>33n pin 
9o n3>oon no ny9on3 99n3 o>yin o>9ii 9o 9i9oon niK’ra onm yi*i3 
, 0 ’*T>Kn 00 K ,1139 >3913 103 0>>00 > 0*11 :0>110 >300 0>33*110 n9K .3313 

.0*TKn 0330 0>>ni3K90 0>3’1l9l 0>30 >3313 
90 191900 J13>n30 Gn>3>3 9*T3n 1’K >3 ”0’3>1l9” 003 09139 on>’H3 uniK 

.<inn 

.i9o n’viiKn 9o o3on impio Kin pup 9i9oo 9o ~im>3 oio 9 n mnon 
n33*non ,n>330 n>i*UK v^79 o> ,n*T>33 ni3 ny9on3 yin <\u 939 103 

:n>9K>yioi9 n>i*i3Ki n>oi’p n>i*UKO 

„ _ it 1 9 „ Mm 

E = Ek + U = 2 *ni-v 2 - G—— 

v im*i>no oonoo vn^n 9o inyun *pwTo ,y3ii n>i*UKn *no>o pmo 
.ninoo ni>K E n>993n n>i*UKno 73 ,r 33i3no ipn*ioi 


nTmsnn 



.09K9 nnv7 ik ,n>9>9o ,n>3i>n m>n9 n9i3> pn9n 9o n>993n n>i*iiKn 
# <liin 9i3> ,n>3i>n n>993n n>i*UKn *iok3 

-, r-> 00 ,33i3no >9ioi>K pn*io9 y>in9 

,H09KHO Jl>*T313n H>9K>33019n n>i*UKn 
DKt .n>oi>p n>i*UK9 Ji39in n>i*iiKn 931 
01 n>3i>n )>n9n nn>noo moiK 
111*1121 ,3110 13>KO 91900 int , f )101>K3 
,n9i3*i9>n DKnpi 


09H9 pirn nno r»993n n>i*UKn *iok3 
*iok 3 *i2yi <iiin 13 >9i3i n*ipo o»pno 
ii’K nr 9i9oo 01 .^io3>k 9 y>io Kin 
.33139 nop 13>K !>1l9ni *1110 9i9oo 
.>913*19 91900 K*lp3 rK 191900 


*io9K >k n>9>9o n>993n n>i*UKn *ioK3 
0>100 3903 >3 <1103>K 3D r UK 9>*Tin9 
>1193 nn >9>9o m>n9 v 2 o-nin *t*io 2> 
9i9oo Kin 9i9oon nr n*ip 03 .>*io9K 
*nop *ikoi v^7ni , 30*103 93iion 
Kin nr n*ip03 v^Tn 9i9oo .33139 
.9iyo ik no9>9K 

.VTft nmjji 7 uj □'■■huhin irIVTOn :17.20 tps 




933 * 109 k , inyun 933 nynp mnoi inTn To n>993n n>i*iiKno pi>30 
hk ynp9 ,(>ni3K9o yifp 9y *i3i*toi n*T>03) pKn *m3 >19 9y *iu>on yi*i3 

.i9i9oo n*m hk ynp9 *7331 ,i9o n>miKn 93 *to 
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na>aa - 17 paa 


o»n ,wi» pJii’na )>naa omjw ,^*)Kn to oa t»v ,maoo>on ma>non 
aiaoo ,>tnn*iQ aiaooa yoa ia oiaAno mamon N>n ,ano Na aiaooa yoa 
ma>noa iioima i>nan yo> it ma>noa .oaNa nno iao joaaan nnaiNn ia 

. 03 K 

.v e -a 1001001 oia>on ma’no jmapi it mamo 
nnaiNn aa io hn j>oaNon ,i*iNn ana ’is ay , v e ma>non >no ,pa aom 


E = 


l 2 
2-m.ve- 


G 




2 -G-Me 

Re 


.1>nan ao 


g'RE 


G-M e 

Re 


:mntn jin aapa na 17.4 nNiiooa atyo 


v e = %/2-gRE 


:n>d oia>on ma’no 
( 17 . 10 ) 


ana jin viian any ia pvaa nnan m>N oia»on ma>noo i>na v ,3 ^° 
oaon Piaaa aiaoo aap> Ji’paiN n’Jiannn ma>no aap>o )>iia oa .pNn 

.yiNn anao 
:n»d iaNn anao oia>on ma>no 

Ve = V2-g-R E = V2-9.8-6.4-10 6 = 11,200 m/sec = 11.2 km/sec 

aNo ma>no) PAyo in njaPN anooa oiaAJi oia>on mamoo mop ma>no 
ma>noo nanA ma’noi (yiNn anaa ynaa anon aiaooa oiaAn mop 
,>aiaaa>n aiaooa yoai aannona pnaa oiaAJi oia>on 
:naaoa o»aoaNn omaoon aa jin oaoi 


v < v e 

E < 0 

aAyo ,no3»aN 

CD 

> 

II 

> 

o 

II 

w 

naiaaa 

v > v e 

E > 0 

naiaaam 


nana nvna aia> o»n i»iia ao maoov N>n ,nmN unam Nao ,mpoon 
naNn mann aa .nvaooN man yaaNo jinNa aaAio Nin NaN pnoaa 
imnn aio>oo piN anP po o»n ,o>oip o’ann p piao *pn niamoo 

.(ooip) oian 

on ,Nino aaia aao oia»on mamo jin aona po 17.10 nNiioo natya 
m>N nnnan mamoo )ii>ao .via ay aaian jiuinji jini loma jin am 
aaAa ona o>aao o> .jiPmn mamon N>no aiNn mamo ay maya naia> 
oa >a aino ain Napi nta aaia moo o’an nnnaa maoaN i>n ,aaian ouo 

.OOO oaoi O’N aiN 
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fn> 3 D - 17 p ‘10 


)Kn ijhk nun oOPoon too njno oio 9 n Kin >myon PPoono 11100 
.ntt Piyo nOoon o>yi o*tk n» noyo o’moKt>o o>i>iO .moono mmno 

nooo yin m mooo i>iO Py tonoi 
.r mmno myon M mooo nnot 7 
non ,nOAyo nyim koi nyimno 11100 
mOoaoois nsiKJP oniA tnpon 



m 


sf R = m-^ 

no Kin i>iPn to> t^yian n>n>n non 

.pin .ntODn 
2 


Worn nan rnY? .17.21 tps 
.^aun 


^ M*m v 
G -p- = m -R 


.nouooso i»iOn noo 


.moon nntrn ni>K v 2 /R i’iOn joikjio 11100 ,nnn jnyooo v> it nnniyt? 
*jmn tnnK noo t?n ik) omn Ksom oikioook tyi i>iP ny Pnnoi ok 
nnno jonyoo .nsiKJin nniKn o>yi oiKinooKn mi 1 ’iOn oa on ,d>iOn 
nom pm .oiKinooKm i>iPn 10 Jvon> nyim i>k i’iOn *jmn jiksoio 
V iOt? pp^o v> nn*r t»o iji>ok^ .npoo noin to nuo Kin nson O’Kn 
yi Kti no> ipn i>ooo n»n i»iPn ,tpoo n>n Kt ok) .oiKinooKti 

.(my on 

:i>iOn ninmot >100 topi noon 0002 nnKt 



( 17 . 11 ) 


tOoon ,n*ronn no nynonn yin i>ip to mivno jik mKno it nniioo 

.M mooo nnot nooo R mmno OAyo 


: 17.11 ok 11000 p>on!? po niipoo mo 
.jiinmon nniKn o>yi ,nnon 10 pnno miKn o’Kuoin oonOn to .1 
.nnv mop mmmo in ,nm> Oi*ta omn tyn tOoon yi i>iOo ton .2 


hk v jonpn Jimnon oipon non viOn to mtnon lot jik Koot nn 


v = 


2 -tt-R 

T 


:>io>nn 


(2^R 



:tnpn yin on 17 . ll nKiioo jik ntyi 
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JVP 33 - 17 j ?70 


:}K 30 i 

(17.12) 


.in’on oim Po nny’Pon nptnni 3itnon pt yi3>3 ]’3 3\ypon ,nt non 

.nPsp P\y >\y>Pon pmn osy3 kid 
7n ny3ip pip Pv 3irnon pr nynpv Km 17.12 nKiivoo ny3im nipoon 

.iPo 3i3>on oim jik n>33y 

ipn oa Py ntipm nnm Pyo pin P3 kuo 3 mwpm piP :awn 

.niwon 

?piPn Po 3itnon pt mo .k 
? piPn Pv 3i3>on oim mo .3 
?yiKn 3173 oso pipn -tow mo .x 

oy 7n> 3311100 Kin tK mipinniK Pyo ksoi piPn ok .k rpma 
:Kin no* 3’30 pKn 3133 Po 3i3>on pt .'fiKn im 
T = 24 hr = 24*60 min = 24*60*60 sec = 86,400 sec 

:17.12 nKiwo mty3 3i3»tm 01m hk ksoi .3 
R = [ G ^? 2 p = l: ^f‘-S- 400—, 4 23 ., o7m 

3i3’t?n tnnn i>3 itnsnn Kin pKn im 03 Pyo remn .x 

^nKn 3173 oimi 

h = R - R e = 4.23*107# 6.4-10 6 = 3.59-10 7 m 



E = E k + U = i*m*v 2 - G 


:piP Po rpPP3n no 33 Kn nnooP non vopy kuoi 
M-m 


E = i*m*(G*^) -G 


: 17 .11 nKiwo 3 oP 3 >po piPn nnmoP >ionn hk 3 >p 
M-m 


E = 


M-m 

2R 


:)K 3 Q 

(17.13) 


.»Pyo P1P003 ym pip Po n>PP 3 n no 3 on noniKn hk mKno it nKiioo 
Po n’PP 3 n no 33 Knw o>y 7 i> 333 oniK 13 ,’P>Po non oP 3 »po ymso kP 

.n>P’Po K>n 3 WO P1P003 ym pip 
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^*iHn nrra >ia tyo l • io 7 m raw pan ht* oraoo so pi* 
2 *10 7 m raw pi*i> *pan>w >-o * nupi* wt> nwnon mo 

:iopio nnmnn or ,pan im >» tn»o 
.mmim pi>* p'vo pimp .a 
.|wp^ pi> 3 > pvnat .a 


mxn 


::m»tm *oi>*n owma »rai 
6.4'10 8 + 1-10 7 = 1.64-10 7 m 


,pi*n 5v «m>nm «*fc>n m*raan 
:am ,im*imo >iav >:k* 

_ *U| l 2 * 

£ = -G.ilL-iii + i. m . Vl 


N17.22 irs 

,n>iraR * w* v> ,*ini> pirn i>*o>* y>v* pn:* wk^u 
t>m *v oio’on pvtiv too ran* n>m pi* *jv miman ra 
.{n**v am >oa ,t*nion roiyo nw» raop nnraan) *ijii> 
.immo nooin am n>vua naoii* nimrn pin 
ni>a *103 im>non) R t wro pny .inma* naoinn *ina^ 
W nnwan n ytx (nipon M>w* p>v» pirao nw* jo>m 

,pi*n 

lp'1 iw ,ui-a mnnn immon hr fooi or 

/ \ pmon) i»«ov n*ton woian nn 

f R H t Ul :N * n < R i V** 1 ? 

\y / P- _ r M ' m * 1 * 

\ y E = -G • —— + =-'m-ui 


■r ,n>A*OR *m>a h» ,pi*n w ,E* vo*w mrrnn numan oj> 

S .R 2 tnnn >*©on 

pi* *nno *v n*7on nuraan 
4 E’ nma* nnv ,«rrnn >*ooo 
V 2 uinmo »ii>v *inab !ra»p avw 

.o*npn **t>o*t 
tm IWri' i*nfc v njfftoiwj 
:am R 2 on»o oinra pi* 

r* * r* M *m 

•317.22 tph e, - 2]^ 
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n*r>na - 17 pia 


natyin inxP u, ni-nnon nx mvwxn |>iwo xivo^ ijio 

-,.. Jinwon 

iig M • m 1 2 „ M • m 

-G-~^- + 2 * m ' u i = -G- 2 -^ 2 :xm n’Anixn p>tw 


M = \/G-M- 


l Ri Ro 


:x>n oi>omnxP nn>non 


If W \/6.67-10~ ll -6-10 2, -( 1 


64-10 7 2.64 


'Tip) = 5 . 8-103 


mtyn xvoi ,>o>on oa!7 ,]>iV7n Po nmpon nio>non tm 


/g-M = \/6.67-10~ h - 6-1 - 

f Ri V 1.64-10 


1*64-10 7 = 4 -94-10 3 || 


noionn ,u r -!7 v r a nnwon hPIa *nm ,x>n noxoio 

.iiopn K’n nrvnoo pmo ,nwnon mow pirn nnPn 
$i + M = Sj :x>n nniopiin nxiivon 


nn ,>*iipon pvob p>ooo n>oyi nn»non mow ox x 
:dwq noAPx m>n novo!? Kin mopiw 


4 

Avi 


A^ - Oj - $| 


f Ul Av = 5.8-10 3 - 4.94-10 3 = 860 — 

sec 


fp *wpn ,mpon poop 711x00 n»ovi mvnon mow ox .0 
»no>n imitn PPao) o*mn>a oaoo n> Py noyi m»n»non 
pllilpl a i :(o»o>ann po 

ll ylfll.I ui = vi + (Av) 2 

f. : : Av Av = fu 2 i - vj 


1117.25 irs 


A7 = -v/5.8 • 10 3 - 4.94-10 3 


Av = 3.04-10 3 — 
sec 
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* noo fiia»aa 17.9 

Y>X3 *11733 .30000 37m 13913 3003 071190 >071p1 11’XO <[tt 333 
03m ^7KD 7173 0703 3003 019’93O 0>X70 0>>D70 0’7p30 ,3003 
.0703 3173 30 113>7 3313 ,pX3 7173 >193 317p rtH1Q’Q30 
X’3 1019>93O 3313 3y ,117>3 O’O D>333 >0030 OlO’l 003 ,33303 1131X 
33133 *J103 D71p3 330 3p3’0O 1 m 3 30 391 30 30030 3701X 0X1 ,37>3X 

.oot n>ri3 

.393 37>n> 30 3003 X>3 (17) p 3>311>3 01X3 3301003 33133 019>9U 
[p] = ^ :p3 ,p 319>933 30 317>3>3 

:3X33 37m V 139>33 3>l33 31>13p p 1319>930 <[11 30 M 300 


M = p-V 


(17.13) 



:7173 3933 >10>33 OX 3’333 ]3>3 ,7173 X>3 <103 0713 70X3 


M = ^ • it • p • R 3 


(17.14) 


)>31 R 103770 7173 30 p 31>13p3 019>933 1>3 31333 3X 37X30 It 3X1100 

.1300 



30 10700 r p3703 0X301 mi 300 
m 2 3001 ,R 100771 M 13000 7173 
30>37 331V9 >7> 3V ,1>39 3>» 3X3103 
>9 .8 >9 71733 019>93 3X 0>3>710 
33X 33 331 33393 3133 37A> 303 
?m2-1mi 310030 


:3jsl1t 


11 


mam 


17.24 7VS 


0>03»00 1333X ,3>7173 300 33>1)900 37>333 313 310>3 *[71313 
71733 3000 )11’30 .71733 13703 313170 X>3 13>X3 3300 333 
313 31303 X3 ,m t 3003 3X r p3703 31303 X3l 331303 X3 

.mi 3003 311 31)193 33>OD3 
.71733 070 3X 337p03 ,3X1 3011)3 ,m 2 300 
01>773 OX X301 ,30>373 73X3 331 37X01 71733 3000 )11>30 

:0733 

j-TT-p-R 3 = |*■JT-p’•R ,3 


:)179fl 
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p' = &-p mi’oosn 10 nopn jik 900 

%3 D 

j^Tg — 8 ==> — 2 

.o>ov o pp l^iMn 9nKb ,99on omn 
| .b*tA m 2 noon by byon 99>oon no 

Pi - :Kin >nbnnnn non 

P 2 _ g -^ R = G • (^>V )2 :Kin no’ntn 9nKb non 

= 2 :o»JV >9 ¥t% m 2 noon by byon non 


noo byo ,K>n moo i>9 no>>pnon (nniK now Kbo) m>oyo ny9in 
p>n nwo Kbi ,n*P99 no byo Kb jioitj 99>bp pub nooion 
obn moan noo 790 ny90 nyainn ,99’bpn pw noon jiksoi 
bo *ry b9 bo nyoonno *p r 2 1 obn nnoon jooyon nooi l/r 2 -9 

.oon *ryn mown ok 1 O 090 na’bpn 

909 *J1Jlb m 19000 <\U O’OObO 9VK9 ,pb 
pbn ,R iovm n*T>nK moos ,M 19000 
p9 Kin ,<iiAn 9K -joion non bo noon 
bo pnnon 10 ppn ,r 01099 jmyoin noon 

,*ii*rDn 1 - 9*100 <inn 
moon by byon non 9K nom 

M = I-7T-/3-R 3 mKiiooa iom*ib 9*iopoo *1099 bo 9bbon noon 

4 

M’ = ^--K-p- r 3 :K>n r 101090 ovo*m 9099 9Ksom noon 



17.25 ivs 


Ml = if. 

M R 3 


:M noon p pbn9 M’ noon 9K ko9A 


IKin ,9099 1-9900 r P9909 K’9 90K9 ,9009 by byl99 909 


F = G 


M’-m 


M-p-m 


iVl * 111 

= °-T^- r 


11109 *T*TQJ 010991 9099 009 11109 K19 ni990 piOO ,p109 pob 
:b9pbi 010991 non 1*9 (—) p>o <i>oinb *p9y ,9099 p nmnn 

F = -G-^-r 

npi-99 r pnynb 01090199 nono in>90 ,01099 no Kin nr no 

.*1199 P>091 ,9110K9 
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p*ian oian? 

- aaap »pm nwiaw 

n>n w»wn awxa d>n>a»VK d>aiao»a wowa a>aoo a>yi naan >aaia 

,d>apion an«a 

,d>nw d>j»ta a>iiw d>now naan naan aaiai wown n« awpon ipn 


lim aa 

lim jtt- 

A£-> O^t 


dA 

dt 


= constant 


n>w>awn nprnn v^i naan aaia aia>o aw aitnon pt vian yn on>n 
.naan >aaia aaa yiap on> Kin aaian aw vvinon aia>on ovaa aw 

Ii) 2 = (Rif 

T 2 I U 2 / 

- >aoaa>iiNn na>aan pin 
avia ,n» 11 r pnataa niNvoin m 2 -? mi nvnaipj moo >nw aa pa 

:in»viyw p>i>a aannn ipn av na>wn nia 



F = G 


m m 2 


.-O* 

Re 


,mo» lit aaa nnt laayw >aona>3iN viap rw G awna 
- ^axn ana >ia av aaian nsittn 


„ _ r Me 
gh G (Re + h ) 2 


r-of 2 


U G = -G 


m t - m2 


h naiia aaian nsmn 


- na>aan naw 


- n»aaia n>aK>*joia nnaiN 


V2 =vi + 2-g-R^ - (^ - - a»o nyim aw nnaiKn aia>w pin 

ve = n/ 2 - g-RE 


T = V°lf 

T 2 =(iiS )- R3 


E = -G 


M-m 
~2R~ 


M = p-V 
M = ^-TT-p'R 3 


- oia»»n ma»n» 
- i>na nia»no 

- pia aw airman pt 

- pia aw n>aaa nnai** 
- nom nw» nia>av v a awpn 
- mom aiaa noo nia>av v a awpn 


.1 

.2 


.3 
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*bo*n» 3 wn di’idd ynp twiicb \yn311p noo - 'n naoj 

7170b 7x0 nop ,7x0 iop *py byo xin ’bonooixn nnmnn yiopo iivoo 
.1798 moo omnp nan >xo>on n» by noyi i^Kin noon .nnoyoo mix 
mop oion .onop mnm moo >oo innpno 0100 000*110 noon oonyo 
ni>o ouo .bpoo ni>o ohoo nH»nnb oonyob 0000 .7x0 p 7 bonb nonoo 
oyAiai ,bnnb nmopn (m) nxnoo omnion nix pp n> by 10100 bpoon 

.mpon oip>on ox oo»ho n>by (S) nbpoo 



.G rrruon imp jwsrft up-mip ouj ’lD’jn imiin :17.26 nm 


nxmoo .M 2 -i Mi oibm 0100 mo 010*1 ipo mpon oip’on oonio nnxb 
by 710> 7 n ox o>nni nmx) .01010 oion by mm oioon i»o nn’oono 
oioiono nxoioo .(oio>ob omi 010100 po i>ooy i»m .xon pnao o>oioio 
ooioonb p>oqo oion .nbpon by 0071 o»o>mn nmon b 7 iAi oion 001000 
oino noun oioion > 7 > by pixo n 7 >oon nio > 7 > by mmn oioionon 

,bio>a 01010 xnpi nto 01010 ,ioio»oo nxnioo 
bo omion 07 > 7 o > 7 > by oinn bo bio>an 01010 bon ox xioob ion 

.oibmn oioon oixoo>n xbb oonyon 
n> by mmn bm>an 010101 no>oon nio > 7 > by mmn oioion ox none 
l%-o pirn n>n o> 7 inp xhoo *j 7 yn .m>oon yiop ox xinob ion ,oinn 

.oi>n yn>n *j 7 yno 7 obo 
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jinaian n’bN’Sioian n*ruMn nnou Jinain - ’a naoi 

:12.21 pkiwoi *i7im V?v n’^K’uioian n>viiKn pm nia yn >^Dn nvpn 

rr 2 

U = - / F dr 

Jr i 

: (12.19 phi wo) niD ymoo ninvn iminl? “pan p>t>i 
r 2 

W = / F dr 
Jn 

nooo nm> npim n« nmp nnKn ,r 2 -i r 4 t\rrxpy >nv 'w tonoi ok 
.( r 2 ) npinnn rmpA (rj mnpn rmp^n p nw nw>nn ,nynp 


nun 

nirajp 


r 2 7 n-n nDn irmm nrmin : 17.27 tps 

:)npi man nnou dk oo» ok 



F = 


G -mi -m 2 


r 

rr 2 


/T 2 rr 2 

U = - / F dr = - / 


G - mi •m 2 ^ = |" G -mi’ m 2 ] r2 _ 


j~ G‘mi»m 2 j r2 _ 


- ^ >m i‘ m 2 _ G-m 1 »m 2 
r 2 ri 


po^w ,n rmp^n p ><>iovk pnnon K>n (r 2 rmpi) npinnn n*npin ok 
:K> n nKiwon nn f r-n nynpn noon p npnno nK vvoy 

U = U(oo) - G ' mi -‘ m2 


inn) t?9K nvn)7 <yioi>Ko nnoipn mPKnooian n>vtiKn hk nnoi ok 
> ovoo noyw nmion n>PK>^ioion n>i73Kn iw>nP oin>n nw>o m>no 
(fjioi’KO >aioi’K pnnoo iuksoi nnipin ^ >a ninii 


U(oo) = o 


u = - 


G • m i • m 2 
r 
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jiPvniN’n nibNW 

?poio lo nnnn pirn *il9p ’pm pi *iopn mo .1 
ov*n ouu pi *1 opl m *il 9 p lo ’o’lon pirn oononl *io 9 N ohd .2 
?mii mini mm lo ?jniopn pul loi mm lo nnno ion ni’o 

?n*r’ii nooi Ji’lN’vm’N noo pi limn mo .3 
?*Tinn hinji mjioo vno .4 
o’ooo ’i9l ,moli mm nw inn mipn v> no ?n*t’ii mo mo .5 

?noo m 

ni’l’lo K>n jnoo mo pi jimnn Ji’lN»vioi9n n’AUNn vi*to .6 
ililoon jin vnpn pnonpn mo ?pnll o”*io 9 Nn o’liloon ono .7 
?”lpoo *ioin” o’aio Ji’llm oiniiioon vno .8 
o’i”n ,pNn mi 09 ivo jwin mipi Ivo o’N^om ooniln li ONn .9 

?ni’o oi»n uiini jnml 

nmpm ono ?»im loipn ivo *poji nso’o pul I’vnl pio ONn .10 
?vnp pul p’lvo I’^nl poo pNn mi 09 iv 
pi’ll *iop Nil ^iNn mio pjoml n’lv» npnoo immoi mim l’o .11 
n’oo mo’oi njmn iv pn9i u’Nn ,71 on vi*to .Jimlnnnn iimmo 

?nm n»mi ’ilji U9 lo nmn 

niioon ipi ini' n/1 pio Ji”n ONn ,oloio mi nm pNn mi on .12 

?o’iopn inNi in 

vm pul lo *rnN ni’o 7001 pHn mi n> Iv n’ovm mnvn mo .13 

?’1avo I1I001 ni’io 
.mm noo jin *mol no’o ’/v^n .14 

nv9onn mo .nopn mi’i "pNn mil inoo ’Iavo I1I001 vi pul .15 

:Nin nm pm on ,mii’N piNi ,ililoo Iv 
pi’ll 7 A 1 NO (III) .1J1V1M1 pi’ll (II) . 1 J 1 V 1 JJ 1 pi’ll 1190 pmi (I) 
pvil lion pmi mvim pml *piNo (IV) .pNn mi pmi ijivuji 

•YiNn mi 

,’Iavq lilooi nn’N *m> iimoo ,pNn mi 09 Iv N^om oin li .16 

?piil Nin ono 

min oivl noon lo nviinn ONn .11110 11 pmoi noo ononoo .17 

?nviNJi nno nvim Nm 

pmoo ’o iv .no n onoo pmoi moomoo nlm nooi mop noo .18 
?orii’ nlm immo lipji pmoo ’o ?oni> im nn iv 9 ’ 
jininn n’lN’^ioi9n n’AoiNn pn n’onpn n’AUNn pi onm ONn .19 

?mo p on ?ynp In a Nin pill lo 

nmo nn mo .20 

NSi’i ,nniN niv ,oool npno ,ooon Jinvol om ono 1111 .21 

ji’llin n’A-oNno nvoa oool inm ninpn n*npn Nin ioni .mrn 
?ooon Jinvol ov 9 ’N o’lon 1111 inn’ ONn .ji’l’lo Nm ilo 
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tn>aa - 17 paa 


nvaw’D mbN\y 

(572 ’oy aaon <poa mnnoim <yta o>ksq 3 voon naayo ay ooim) 

>k no-) 

.no it 20 m pmoa jiiKyoj 100 kg a\y moo mo .1 
?po nnn aa ay ayian na’oon fro mo .h 
anoivman pyiKD mo .a 

inom na>oon mao na 10 kg ao moo mo moyna o> la pmon mo .2 

?5 • 10" 12 N nw 

.ooon (II) .mm (I) :aaia ^axn ana ay ay9ion man mo 3 
,yiKn im 09 ay Kuom ,70 kg inooo dtn *joo3 ia man mo .4 
jiKsoin 800kg nnooo miiao (III) .ooon (II) mm (I) :aaia 

.ooo 5 m 

.ooon (II) .mm (I) :ay -raian minn mo .5 
?om >39 ayo 8880 m mano oomwn an ay aaian mnKJi mo .6 
?8 m/sec 2 -a taian mnKn mw yiKn ana >39 ayo nan nt>Ka .7 

.moo ao maayo yaan *r>39a .8 

Td’apono anK aaa moono nnn aa ay ayi9n man mo .k 
ann aaa ,naayon ao maaian maK>*3oi9n nnaiKn >no .a 

?o>apono 



100 kg 17.28 IT'S 

?o»3on ao na>oon ma )tKno ooom pKn )>a pmo nt>Ka .9 
,1000 km ao nana yiKn anaa a>aoo aamoo )>na .10 

?imamo mo k 
?nyi 3 nn ao aitnon lot mo .a 
? 1 >nan ao maaan nnaiKn mo .1 
?Viian ao mo3>pn nnaiKn mo .a 
?1>nan ao n>aK>y3oi9n nuaiKn mo .n 
?ooono ( 11 ) ?namo (I) :oia>on mamo mo .11 
?im9>9a >no ,na>nK ^ann ana immao n>33 ok .12 
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7>pN7 *11T) >390 1000 km 9V p01V9 79197 OSINO >70 .13 

7'pNn m3 9vo 1000 km 79U9 77>997 770 mo .14 
,ooo9 9>900 pN7 7179 9o 9i9>on ion 9i9>on oi>77 9v 001037 p .15 
.(79909 ooon noon 7rvm9 >> 90 ) ooon noo on >/9on 
.iookg-9 ouo moon 99 .moo 9o omnvo oi9o *p399 .16 

?o>7pono 77N 999 moono oon 'pi 9v 9vi97 mon mo n 


?o>*ipon 999 von 9o o>79i97 o’9N’ii3oi97 7>A73N7 >no .9 



(3) (2) (l) 


17.29 TPS 

>39 9VO 10,000km 90 791A9 >9AVO 919009 V3 200kg WOOO 1>119 .17 

.^INn *1179 

1>ii 9 mm9 7i9v>o >79 i>n99 oo9 o>o 7>A73N7 09010 >no .n 
71000 krn-9 071pn 10 917A 100770 919009 
?9l900 719V>0 >79 1’1199 030>3 7>A73N 90 071V 11->N .9 

>nO .yiN7 7179 1-9700 4-10 7 m 90 pn709 nni309 NV03 0>71N00 .18 

?YiN7 71799 oniNoon VA9> n9 on>non 
.30 hr 9o 711-no pi-9 >(7N7 71799 9>900 V3 1>119 .19 

?o>iipn ioi7>no >no .n 
? o>o>mn mn>no >no .9 
?i9o o>9o9’7033»n nviNon >no .1 
?l>n9n kvo3 19 n7>99n 770 mo .7 
7ioo9 >79 i>ii9n 9o o9o 9i9>o 7009 v>pon9 o> n7i9v no9 .n 

71919009 WIN 

.1000 m/sec 90 017>n09 77H7 7179 >390 7713 9>0 .20 

?9>on v>a> i>9n ,77xn 7179 >39 9vo ,>9o>o9on 791 A 7 mo .n 
?7>9n nnn9 vp7p9 9>on VA9> n9 onmon >no .9 
?yiN7 9VO 10 km 90 791A9 N1709 9>on 017>nO >70 .X 
7500 m/sec 9>07 017>7O n>70 ,Y1N7 9VO 791 A 7t>N9 .7 

.711007 1p9 7V19p 771p3 9VO 991000 100 kg lOOOO 1>119 .21 

777 9V09 IN >979 >79 1>1199 730>3O 7>A73N7 99 *yO >70 .N 
IN>979 >79 ,77N7 7179 >39 9V ,1>1l99 730>3O 017>707 >70 .9 

709N 017>709 919>07 OV779 

,919>09 0>N007 p7709 1V>A7 77N9 1>1199 730>3O 017>707 >70 .A 

?1>1199 *y197>0 >79 

>0O 1>9 79>007 ni9 ON 11-N>0 >90>3>07 >0007 *T19>77 Q7pO 170 .22 

7>p91N 7000 9v 11-0 111m P7709 0173107 100 kg 90 OIOO 
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'a non 

n9ino nm pNn irt5 on ,trm ao iapoo anA in pp nm noa ’9 .23 

:v nnma ,nnoo ’9 m9ia 
.nyiap miNoi 'pNn ana noo .n 
.nyiap miNoj ^aNn ana m9’9S .a 

nmn no .no n lkm pnaoa aana mnnnwo io 4 kg ao moo ’no .24 
?no n 200 m ao pnaoa nimn p avma moono nnN aa ma>no 
.100 N Nin moaa na>aa naoa N^oin m mooo ana ay ayian man .25 

-.ay ay 9 >o man mo 
.mpon anaa omt onna nnoyo aaaion ana .n 
. o’oo ’9 mop ni9’9^ai mpon anaa mooa nnr ana .a 
.o’oo >9 nam ni9>9^ai mpon anaa lomaa nm ana .x 
.g aaia jniNn o’ p namNn ini9’93i R lomno aaia 09 ay .26 
:Nan ’Ninn ia o”pnoo anN aaia 09 ay aaian jihinu mo 
.nm lomai o”jo >9 nam mi9’9u .n 
. nm ini9’9m o’oo >9 pp ioinn .a 
.yaaN >9 mop ini9’9Ui yaaN >9 am loma .a 
. nm mi9’9m o’oo >9 nanA moo .a 
npan yiNn ana 09 ayo 2000 km nawa >aAyo aiaooa ym viiaoa .27 

.yiNn ana maa maiN na9ii N’no *p ,pN 
?1>naa n>on> .pan npan ia mamon mo .n 
? ypapa pNn yA9n na mamon nmn no .a 
ayo 500 km nawa nNnom naipj pNn aiayn na mamon mo .a 

?YiNn ana 09 

.1:4 Nin ^nNn anaa a’aoo oo’iia oo ao annon oov on’ .28 
?onao aia’on ’oma on’ mo .n 
?onao ni’iamon on’ mo .a 
?onao nvaaan m’AniNn on’ mo .a 
700 a 40 m/sec 2 ao nyiap nuiNna yiNn ana 090 maiN naiy am .29 

.naa lyoo po anNai ,l00sec 
?naa lyoow yAaa amn mamo mo .n 
? yoon naa ia ^nnn ana 09 ayo ,nann mo .a 
?yoon naa na naipia aaian jiuinu mo .a 
? amn y’A’ iPn ,^aNn ana 09 ayo pao’oaon nawn mo .a 
p'pNn ana 09 a a»on yA9’ mamo mNa .n 
.'pNn ana 09 ayo 5000 km nana yi 30 

:»aa ia nna v/’o mp’oon mamon 990111 mo .n 
. yiNn ana ny9ono oao’o (I) 

.1000 km-a aiaA omaa pnaa *ji9n’ (II) 

:na ia nna o’o maNnnn mamon H 9 om mo .a 
.pNn ana ny90.no oao’o (I) 

. 1000 km-a anA omaa piiaa 719 m (H) 
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n*r*M - IT jrifl 




12 ,mvo2 omno 20 kg oooov o*9iA >iv .31 

U . 01*772 ,yiKn irrs!? moo oo*nP 2 ,o*ior 

pj IT onon pn7on 7VK2 ,M0 7 m Pv 212*0 

™ " oo*nPP omo onrnon .2-10 7 m Kin 

.o»7Aiio 0011*22 
:o*ooPk k*o omnn in oivAionn dK .k 
17.30 nvs ?nnvK 70 oivaiooP 7 V pm mo (I) 

7012100 oiovaioo *ov Pd in pm mo (II) 

:o»ooP9 Km o*91ao in oivAionn ok .2 
?oivAmo2 imiKn o*a7ako mo (I) 

?yiK 2 onnn o*vai9 no onrnon mo (II) 

.48 hr Pv 7irno pro pko 7172 P 2*200 vi 100 kg moov pip .32 
7VK2 ,n*nv*o o»ooP9 nivAiom piP 2 vai 9 50 kg moov 7 >ki7ook 

•-► ^ .nr po nr o*vi on 

:7vv»nP i>nPP o*m 7 »ki7oono ok .k 
. ?7*ki7ooko onmo mo (1) 

O f ?^*iK 2 i>nPn VA9* onmo ir*K 2 (II) 

poimP 1 ’iiPP ooia 7»ki7ooko ok .2 
:ymn im ov9vno 
17.31 -ms ?7 *ki7ooko Pv n*Poo*on uinmo mo (I) 
jmmon k»o nnmonv nnmo ,owAmo2 072K nniiK 002 (II) 

?n*Poo*on 

1 >nP *iovP ,nPvo >aP 2 on*v* yiKn -mao n*io 50 kg moov P*o .33 
,yiKn 2 i*T 2 Pv niipm nniK Pvo kvoio 200 kg moov Jioivpm 
1 >nPn 77oovo mvAjonn p okvio 2 ,o*ooP9 oivaioo 12 vaiooi 

.yiKn ana Pv ninan m 2 ovavno 
?*pKn 7172 09 Pv P*oP ooP v*v o’Poo*on jmmon mo .k 
V iiPn jik t»9090 ,’K -2 02 vm njiiK 017*002 mim ,P*o ok .2 
1 ’iiPn moPomP oioa* oko ,ui7rn pr 2 12 VA 19 P 2 K m»*Pv pr 2 

?Y1K0 7172 OV9VOO . 

2R ioi’77i 2M moo ovm R 101*771 M moo 7nKn 0*7172 ov .34 

.nr Pv H2700 nr 20 R pmoo o*kvoi 
nnv 12 .Jiioon *jiv jik 72non ipn Pv ,ppn 717200 pmon mo .k 

?09kP nnv 07*220 

*72 M IJIOOV 22120 p P *0 OlPvP V* 02 O’POO’OO 1117*000 *00 .2 

?2M moov 2212 P V’A*V 

2M moov 22120 p P*o mPvP v> 02 o*Poo*on immon >00 .a 

?M moov 2212 P V’A’V *72 

? 0 > 7 pOOO 7nK P 22 22122 P *00 PV 0 V*A 90 017*00 *00 .7 

.oiivoo ipp 2*200 48 h Pv 7irno pr 2 vi 1’iiP .35 

?1*1lPn *J102 077010 72120 031K0 OO .K 
?^7KO 7172 PV 071pl 001K PVO 1>1lP0 712V* pr 002 P2 .2 
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m>ai> -17 pna 


’A noa 

pniD3 ,myoa iosy nsio ,iookg N>n ,ni>a aaia ,iooow oiniiooon 
aw aitno loo ^*iNn ihdP a>noo oaaiooon iaw aann oaiayoo l m 
oinhooono .0.05 m/sec aw ma>noa moo pnaoo Nin awNa ,40h 
wd K’n oaiayon .a>o asyn imoapon iii>aa 5 kg inoow ai>* pin 

,50 m 103>T13 10 6 kg WOOW 
?*rv^n jin oiNiiaooNn pm na oio>non >no .n 
ia>rn> na>won maw >aa mana oiNiiaooNn 3y o’in>o noa .a 
?yiap Nin oaiayon aw na>won maw n>33 on ,mnyo^ 

*Tio aivna na ninn jin piara oiNiiaooNn ay n>n ma>no n>Na .x 

anaiayon 'ph 5 sec 

aw ownoa ,n3yo o>33N ,pNn im >390 mi3 200 kg inoow a>o 

.0>11W o>pan >3wa ^31900 a>on .500 m/sec 
r^maa *T9in o>pann *tdni nann N>wa nwnmn nmionnn on .n 

?> 3 wn nn aw inia>no >no (I) 
?^iy>9a nasu noao n>vi3N noa (II) 
niwAinnnw nmna ,on>3>3 mwAinna 13 N 0 nuoiN noa (III) 

?n>ooa9 niwAinn N>n 
?YiNa iyA9> nia’no it>N3 (IV) 

nio’no aapo o>pann *rnNi ,nai>n N>wa nwnano maaioonn on .a 

:^*ind wan oao>na pirn ia np>9oon 
?^*iNa own pann y*9> nia>no ii-’no (I) 
?^i^>9a nanu noao nnaiN noa (II) 
o>p3nn TfiNi ,nann n>w nnno 2800 m nvmno maaiannn on .x 
:^aNn aiiao oao>na pirn i3 npnoon ,n>aNna nia>no aapo 
?yiNa own pann y*9> ma>no ir-’Na (I) 
?^>9a naan noao n>*a3N noa (II) 
o>pann tnNi ,nann n>w nnno 2800 m nwnano niinmnnn on .*t 
: i>3iaa -j9n>na pirn ia npnoon ,n>p>wo nia>no aapo 
?^ia>9n anna own pann mamo >no (I) 

?na y*9> nia>no n>Na ,yino y*9> on (ii) 

3R lOinOI 2M 3000 >3003 R lOinOI M 3000 lOND ,0)103 >3V 
.nr' aw n-aaoo nr ,10 r pmoa nnooo onaniwo 
?ono>a niwAionn yAaa oioono onN aa nia>non >00 .n 
anna on>3>a >ao>oaon pnaon ino ,o>ooaN N>n mwAinnn on .a 

?oiwA3onn 

nyaa ioinw n>aip aw ompmpn 03iowa 
,100 kg aw noo oaaio lm 
oioono oon aa ay ayi9n man ino .n 
?n>3aw oyawo nNaioa 
o>3aa nwiaa no>nw noaiNn >no .a 



17.32 HT«I 


?oioon oaayo 


.37 


.38 


.39 
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na>aa - 17 paa 



500 kg Pw non pa na’wnn nia inn 
iomaw im nmiw 1000 kg Pw noni 
# ?25 m iomaw ana mm am 131 50 m 


■v 


17.33 ivs 

iomaw im *rma r omaai , 1 ml pnn r ©maa na>aan rrrw inn 

?namx ini9>ayi ,M mon ,R 
nnxn ,ma>Pp >nw Pw mmn naw inn 
nPya nnwm .ivhnoni R x ©ma nPya 
:M 2 noni r 2 ovn 
.mnn9n n9’Ppn imi .x 
?m9>Ppn ’ow pa .3 
.nnnmn na>PpP ^inn .a 
imp y>xn ana na Py mnann n>onnn nPoion Pw annnn pi inn 

:x>n awxa ,2 sec Pw annn 
3133 na Pun 50 km Pw nana ,oipna aoiyn naia anaa nxyni .x 



3U3 >ia Py nyiap Jinx 



17.35 TPS 


.yixn 

naipi Pyn nxsnin mPPna nxyni .3 

.>pxn 

.nam Py nxsm .a 
noni l m pn Jinx Pa ©maw mon >nw 
10 m pnana mxym 100 kg pn Jinx Pa 
.n Pw naannn u 
maavw na>aan nawP >io>3n inn .x 
Pa nx aannn ipn Py monn 
monn >nwn pnanw p maipin 
ipn p h pnann Pw n>ypiiaa ,nni 
.monn ok aannn 

3 >yoP naiwnn mown nmn aa>3 .3 
n>n nnnm noon ©ma nx ,’x 



?o»iw ’a pp 

n>yp yixn ana Pw ana ayn nPyn o>ayv 
ma>aaw nnma ,>pxn aiaa iaan 733 ,nwn 



:na>nx x>n yixn 

im 

Pw 

n>ypiiaa map no>an inn 

.K 


ppxn aiaa laann pnann 



?nymm Pw annnn pi inn 

.1 

Pw 

mPmoann ma>nnn »nn 

.A 


?nynnn 



.40 


.41 

.42 


.43 


.44 


.45 
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n*T>aa - 17 pafl 


17.38 TPS 


nayn ayo h naixom moow ana o>a>90 

f 'v .own npa tnKn no»o ^ikd imi mnan 

/ \ man <1*11 ,>ma>K pina nnai a^a .k 

L ->-h> aw mspiiaa ,noon ay ayian 

r 1 ?pm 

\ J <pi ,>ma>K piKa ,nKai as>a .a 

\v y mnpiiaa noon aw mamon yia>a 

^-^ ?pvn aw 

17.37 -ms naipn nnuoo fmrnvn 2 kg aw noo 

aw moo mwo miw pnaoa jmyorn A 

T t b oaipio 10 m aw pnaoai ,iookg 

i .moon va aanon ipn ay imsom 

i 10m 

j .15 m Kin moon i>a pnaon 

r^N naayon aw maaan mninn >no .k 

vlx vly ?A naipia jikuoi noon awna 

? B naipia noon yon na mamon mo .a' 
•* 15 m *■ na naipia B naipm i>a pnaon mo .x 

17 . 38 -, vs ?noon ayym 

.nyunn nan hk >ma>x pixa />axn .a 
nmn nx yionw na 8 kg naanw my>aa noo opoa w> pm .n 

?A naipm 10 noon 

ania ipa nxsom naipia ,Yixn ana aw aaian nsixna >o>wn mo 

?ia»y a>ao pxn ana aia>o aaia ,a m>mw 
naw noon ma>aaw mana ns>ap -jina na>aan naww >n>am/nam 

t x .09xa now ,namx 

__ r ..nwiawo naamo o»aaia nwiaw naayo 

,oaoa xsoi ann aaia .m o»m o>aaia 
17.39 avs r an>t7 oin n miKa o>yi o>aaia owi 

aoip aw pnaoa pin aa on awna 
m m .mo m aia>on 

•f ?o»aaian aw annon pta >io>an mo 

( r j m mm moo Pya o>aaia nwiaw 

\\J ,r lovaaw Piyo aiaooa o>aainoo 

.mo m o>nw o’pnaoa on awKa 
m ?nyonn aw mmmn mamon mo 

17.40 -ms >JVO naaaio o»axi>a o>aaia naayo 

® o>aiaooa o’xsom m 2 -i m t o>aaia 

noon taaoa a>aoo r 2 -i r t o’Piyo 

,<imwon 

:Kin naap aw >wPwn pmnw >/nam 

^ cR ^ 7< ri * r ‘> 3 


.#- 


t. 

" 17. 


39 ivs 


m 

17.40 TPS 
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n*f>33 - 17 p*>G 


flibNvb jnawji 

a = 1.68-10~ u m/sec 2 .3 F = 1.68-10~ 9 N .K .1 

R=36.52 m .2 

F=3.5610 22 N (II) F=2.02 10 2 °N (I) .3 

F=1.49-10- ? N .A 0.415N .3 F=2.36-10" 3 N .K .4 
gs=272.2 m/sec 2 (II) g m =1.61 m/sec 2 (I) .5 

g’=9.768m/sec 2 .6 

h=672,835 m .7 

U G =-1.67-10- lo J .3 F=4.17-10 _11 N .K (1) .8 

Uo=-1.33• 10" 10 J .3 F=1.33‘10 _11 N :0>>A1l»>p F=0 ,K (2) 

F loo =-4.355-10- 9 N ; F 10 =4-10- 9 N ; Fi=0.35• 10- 9 N K (3) 

U a =-1.81«10-»J .3 

F 2 =3.7-10- lo N ; Fioo=-1.85*10- lo N ; Fi=-1.86*10- w N .K (4) 

U g =-3.35• 10~ 9 J .3 

.pKnn2.59-10 8 m .9 

E = -2.7• 10 9 J .X T=6322.5sec .3 v=7354m/sec .K .10 
U o =-5.4-10 8 J .n Ek= 2.7• 10 9 J .7 
v e =617.368m/sec (II) v e =2,366m/sec (I) .11 

p=5464.15kg/m 3 .12 

g'=8.24 m/sec 2 .13 
a=7.31 m/sec 2 .14 
(3W>n inKb KbK ,n33DD>3 Kb) m s =2 • 10 3o kg .15 
U g =- 2-10“ 6 J .3 Vbwon T330b F-1.155-10 _e N ,K (1) .16 

F A =7.36- 10 _7 N ; a= 9.4° F B =6. 88*10 7 N ; a=166° .K (2) 

U G =-1.3'10 _6 J .3 F c =2.93• 10 _7 N ; a=281.5° 

U G =-3.61 *10 _6 J .3 ynnn t33ObF=1.28-10 _6 N .K (3) 

JVA7AK .3 AE = 1.4*10 8 J ,K .17 
v = 10,249.5 m/sec .18 

aR=0.166m/sec 2 .x w=5.82 *10 -5 Rad/sec .3 v =2, 855.5m/sec ,N .19 

W=0 .D g’=0.166 m/sec 2 .7 

v=897,16m/sec .X v=1000m/sec .3 h=51,587m K 20 

h=38,612m .7 

v=3.076*10 3 m/sec .A v=4,356.5m/sec .3 AE=5.78• 10 9 J .K .21 

/ f = 6.8 ■ 10" 10 .22 

2 >9 b7A .3 4 >9 )Dp .K .23 

v=5.165 ■ 10 _5 m/sec .24 

F=200N .1 F=10N .A F = 100N .3 F = 1000N .K .25 

g'=2 1/3 g .7 g’=g .A g’=g/2 .3 g'=2g .K .26 

v=4,551 m/sec .A v=5,457m/sec .3 v re |=13,805m/sec .K 27 

1:0.397 .A 1:0.63 .3 1:2.52 .K .28 
g’ =9. 187m/sec 2 .A h=2-10 5 m .3 v=4,000m/sec .K .29 
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?n>M - 17 J?70 


v=4,449m/sec .n h max =1.2 < 10 e m .7 
v=204.4m/sec (II) v=2,454m/sec (I) .H .30 
v=l,569m/sec (II) v=5,925m/sec (I) .1 

t=4,966sec (II) t=2,438sec (I) .H .31 
v=6,71 m/sec (II) AE=-8-10 8 J (I) .a 
v=10,637m/sec (II) v=4883m/sec (I) .N .32 
AE=-5.21-10 9 J (II) v=15,241 m/sec (I) .a 

p .a v=17, 935 m/sec .N .33 

v=1.236-Vgm7R .1 v=1.276-v/GM/R .a x=8.28R N .34 

v=1.276-VGM/R (II) v=1.236-v/GM7R (I) .*T 

48h .a g’=0 .K .35 
v=4.8m/sec .X t=8.66*10 3 sec .a v=lm/sec .N .36 
E=6.24*10 9 J (III) E=6.24-0 9 J (II) v=7900m/sec (I) .K .37 

v=500 m/sec (IV) 

E=1.248-10 lo J (II) v = 11,183m/sec (I) .a 
E = 1.197-10 lo J (II) v=10,716.5m/sec (I) .X 
v=7,917.3m/sec (II) v=7,904.94m/sec ; a=88.3° .7 

10R .a v 2M =VGM/10R ; v m =-V2GM/5R .h .38 
E=1.52-10' S J .a .>vx*in ^ Ft=2.17-10 6 N .K .39 

F=8.277 • 10 _lo N .40 

g=GMr/R 3 ro’iaa g=GM/r 2 .41 

G=G • (Mi+M 2 )r 2 .X g=G-Mi/r 2 .a g=0 .K .42 
T=4.934sec .X T=*> .a T=2.019sec .K .43 
niWOhP.a F=200-G-h/(h 2 +100) 3/2 .K .44 

v=v/G- M e /Re .X T=2-Tr-VR|/G-M E .a F=-G -Me/Re N -45 
10m .X v=3.77•0" 5 m/sec .a E=-2.1344’10 _9 J .H .47 

A-'y *iayo 2.795m ,*t 
g’=g-w 2 *R-cos(a) .48 
T=4 -ttt 3/2 /V5-G-M .50 

w=3 1/ VGm/r 3 .51 



yiop oio>o vs ay njnifl - vas «p* bo npooo - 18 poa 


18 pia 

mp 2)vv vx oy nyun - vm <jn bv njrwa 

*mo 18.1 

ono>on p oobynn ,o>aw 'pv nyun uiK'n -who ,o>o*npn o>p*iao 
J1K lAV’S OK 1 b> 9 K .0”JVT1pA 0 ’ 91 A I’D lb>KO OJiyiAJlO lApOyi ,OnbO 
nbyan bo nKsinno unm ,boob o>im ik mn>n ioo ,nai >byoo o><mn 
ntn pv>o .pvon wikoi mvnon nmno <iun bo bo nmno K’n omby nio 
700 nKsinoi ,<)un bo oio’o da K>n mo nbyan bo nKswin o>oyabo moA 

.7110 bo D')w o>pbn bo row mvnoo nyun 
oa ,o>viop o’okoa omisi ob*mo o><m on p*i 90 ono pioyAo o’ann 
71A0 nnipA >r>o bo )>o pooon ,imnK o>b’oo .omby mo nbysin inKb 
vas 71A K*ipA mo 71A .<)iAn nyiAii 70 noo ynp ikoa 
miob ,bpoo >iwa okoa *r»as 71A ono o»KAnn im voa mn poao 
*P 9 S 71A bo nymib nn’on hk ikdai ,niAio m*npAO mmo vby o>b>yaoo 
nyonn vs ono onpon dk p*1 okjia .bpoo nvo bo oso ia>k oson ioko 
. niAnonb bio> nyiAnn vs ono onpon im okda Kon poan .yiop okoa 

7 ’qs «ju bv nyunn 18.2 

oiO>v nmyo mK’nb havao ,noomo nyiin K»n *r> 9 s 71A bo mbbon nyunn 
K>n\y ,7nn bo noon rooo nyiAJi K>n mioKon nyiinn .myiAn >no bo 
o’ooo 7 >asn ^nn oio’o K>n noon nyunni pmipA 70 bo nboo nyon 
<inn >pbn bo nyunbi ,npnyn o’K*np noon toio nynnb .ibo noon toiob 

.oio’o o’Kmp noon mob o>ooo rnasn 




.10 1 ’ion na’Di noon TDnn rpnuri Pm aiP’iu »’n T>gs «|ia Pm n’ppDn nuunn : 18.1 m’s 

.mnon 00O po n>OA» *mnAi ,14 po9o mno 000 noon tooo imAn 
.<1iAn Oo noon mt>a ok nysoon 71A0 mipA K>n (c.M.) noon to*iq 
:K in (>noOo n>nn>no nnipA) on>sn ji>okoo (r c .M.) noon rooo pmo 


?C.M. 


SniiTj 

Smi 


( 18 . 1 ) 


pnoon Kin rj-i ,noon dk o>o>onon o’pOnn mK Oo noon K’n mj *ioko 

.on>sn h’okoo pOnn ihik 'pv 
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ynp did>o vs oy nyon - *r>as «|U Po npoao - 18 p*ia 


KPl D>p>pPn Po <pn <p1H0 1DTIQD ^1AD PN 0>0n»Jl0 DONDO ,p10D 
.P*noa>N mw iw>n^ dido mm Dio>no *ODyP v> ,onPo >aao oidoo 
.fjun Po noomun moi Ksoa noon mo ,o>noo>o ta>sm Po tampon 


’nmw’jn mmm Kin n’-non’o n'Dia *201 noun lam :18.2 ivs 


mo Po niopnn n*nonn N>n ,irwPD <in Po noon mo nao>nP nnia tvt 

.naan o>nmn p tok Pd jikojoi ,a>nmP noon 


noon 1 kg Po nnKn Po moo oaPo 
niKsoa 3 kg Po n’o’Pom 2 kg Po 
Po noon mo mo .ton vo’on 

?nD*ivon 


nwn 


N18.3 irs 


mnna ompfi iooki *iohd ,moono nnN Pd >nm ok oma 
naopaio tnH Pd dn myna *m>pn ooP .2 nooi niman ooP 

:r(x,y) mmpon nnasn ptiyhn 


noon tD*lO »D’DD flK Ksoa 


2 noono na>o> im Kin noon mo 
.n’Pyo 0.167m a 


-476- 




















































































yiap 10 * oy nyuo - -pas <iia nposo - is pia 


osiyo Po noon mn Po npoynn oyiio)7 on»onP tun 14 p*i93 non 
p)7ino osoyon Py >yian Pipon nno noon rooo ouiko :o>p’p^n 

,o>pl7nn Po n>P^Dn noo3 

nyiion 'yv 3i3>on o>xo iinao ,000 3 io> 033*110 ^wn Po o>3i3>on nyiion 

.«)nn oyiio >13 710 onnonP Pi 3 ’ 
3>noo nyuo - *inm noioan oom’on nyiion oik>o3 13301 nin poo3 
oa 3i3nn ok 3>noi K3n P 0931 ,(noon 1330 noin3 kP) yi3p 3>^P 

.pm oy ninoo 3i3>on o>3 on3 onpoP 

raa <))> b\y n»an*on nyunn *iiN»n 18.3 

oik noon Py 311 m .>mipi Po o’PAyon nynon ok iiok’o 13 po93 

.00 iino’ao oi>3p>yn 
30K3 ,S-3 <11An 33iyo OOpn *J31K OK 1131A>n 
0300 33iy ^nno ooitni oopn *piK )>3 oopn 
s = R-0 :nnoii3 

(Rad -3 o*rroi noun) 


ms 


:ior 03’0>3 oonn m>o K>n w o>o>mn mo>non 

(Rad/sec -3 01301) 
:pi oi>n>3 oopn *j3iK >ii>o K>n v o>npn oii>nom 

v = w-R :nnoii3 )oo jiwwn on»noni onipn nrnnon )>3 iopn 



.. A 0 de 

w = lim -*- = -57 

A£ -> 0 At dt 


.. As ds 

v = lim a- = -7- 

At -> 0 At dt 


:pt mwa wmn tinman am a nwmn nsiNnn 


a = 


lim 

A t —■> 0 


Ac j _ dco 
At “ dt~ 


(Rad/sec 2 -!i imQ)) 
:pt irrmn nnipn tinman >a>v> nm a tinipn nmNtini 


a = 


lim 

Ai-> 0 


Av 

At 


dv 

dt 


a = a-R 


:nnt?m )m nwinn nsiNtim nnipn nswiin im nwpn 





yiap aia>a vs oy nyua - *r>as «^u Pt> np>ian - 18 pna 


*wKa <ptrr >i)*ppn Pa Pw nsmn N>n mas <)ia Py> vaiamn nyujini nnKo 
:nn ,yiap Kin *T’3^n <^nn >p’pPn Pd pa ’tm>n pmon 

«>n>mn Jimnnn nniKa o>yi t»asn <inn >ppn Pa 

vaoi !*T>9*n <pin P\y aia>on vs Pv oip>oP *wp KPP ,nnai nn nipoon 

.n>y mm jikt 

.inv/Pa vs a>at? aawtnan *P93 <)tt >ai Py B-i A imipi >m> vw n>n 



A' 

jnrm mipj ^ otpi ,nnT i^n -pas qm mnpjn *2 uj ipiphth mi^nnn :18.5 tps 

.TOT ^J9 *211 


K>n >a 0 n>nn B mipin naawon A mipiP tm>a ,0 n>ma aia>o nnKP 
B mipiP ©n>a .(pv\yn pi>a oy aian?) B’ mipiP B mipin p may 
K>n >a (pywn pi>a oy aia>o) pvan iniKa 8 nnira A nmpin naainon 
DWinn mvnon oi ppi n>ot»n .A’ mipiP A mipin p may 

masn f)na mipi PaP tm»a ppi,ampin >avP on»a nm Km 

nvKa ,nnr niK>n Kin 7>9sn <|ua mipi Pa Pv> jvPiyon nyunn niKm 
vso mipin P\y pmon Kinv mipin Pw aia>t»n oim Kin nmm P*rann 

.aianm 

aiKntnia wonwiP p>i nn ,nyiap nsiKn Km nwnm nsiKiifi *ivkd 
: d”ji>in o’aayP o>npn o’anyn >u>v nnKP ,nyiap nsiKna nnipn nyiian 

x -*0 , v-»u , a -»a 

-> U = Wo + a • t ' 

- 0 = 0 O + ^. 

-» 0 = 0o + wo • t + j • a • t 2 

-> w 2 = uo 2 + 2 - a • (0 - Bq) 


v = Vo + a-t 

Vo + V, 
X = X 0 + -1 


X = x 0 + v 0 - + 2 ' a * t2 
v 2 = Vo + 2-a-(x - x 0 ) 
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snap siaM> wojrriyiJii - 7 >ay *11* aw npoao - is pna 


Toiinn 1330101 ras <$> by TtWGrb'WoTp umw 18.4 

.inwaa msa a’aoo aamoon t’aa <in aw n’oi’pn n’AiiNn ay aanoi 
aw oiaon N’n o’p’pan aw <ioino aamon ,7’as aw n’oj’pn n’AiiNn 

.miin d’a’aaon o’p’pann aw ni’oj’pn jii*AT3Nn 

Ek = SEk i 

.i aaoo p’pan aw Ji’oi’pn n’ATiNn N’n E k i awNa 
E k = rjwi’pn n’AUNa no’an jin waiaoa auiai 

i 

Vi = wTi :n’Ji’m jm’noa Ji’iipn nn’non jin <i’an3 

(lj Ji’Ji’mn nimnon nniNa o’yi T’ann <iun ’pan aa) 



:n>d *r>aan <)iAn aw Ji’oi’pn n’ATJNn 


E k = i-w 2 -S(mi-r?) .aapn o’yiapn o’anyn jin oiaoa ’pno N’mi 

NTpi Nin .T’oun <inn aw nooiN’An niaoa ’Pji E(nij-if) uaa’pw oiaon 

.1 J11N3 lOItJOl ,*)1A«1 7W TOJIiin 03010 


I = E(mrif) 


(18.3) 


, 7 ’ 9 un °)iAr) aw aia’on T»ua on’a noon *in>ai nan <iun aw TOJinn 03010 

.<inn aw aii’on T’ua pa nan Nini 
mua a’aoo <iiAn aw aia’o aaa NaN ,*tnN aonn 03010 ,pa ,1 >N ^a 

.Pwo TO Jin 03010 O’ O’lOO 


*)un aw TOJinn 03010 nmya jinoito ,T>aijn <iwn aw Ji>o 3 ’pn n>AT3Nn 



:nNan mm 
(18.4) 


n’AT3Na ,T>ayn <inn aw n’aia’on Ji’oi’pn nmiNn aw ’io’an jin nnw3 on 

nyiina <iwn aw aonnn 03010 W nN*n i-m-v 2 :<iun JipJiyn aw ji’oi’pn 

na>apo Ji’Ji’mn nimnonw 10 a ,ji»np nyiina ^nn jiooa a>apo n’aia’o 

.ji’iipn jin>noa 

’13’wa TA3Jina <iun Jiaia’ N>n <jiAn aw noonw loaw p»ona p’3 ,pa 

:nn ,wn»no 

.Ji’Ji’mn ijin’no >i3»w yuea <)un aw uiaia’ Nin «iu aw TOJinn 03010 
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inap 3i3>o to» oy ny»f» - t>9* pi 3o npoao - 18 pto 


,nnt noo >3ya o3i3 , 01)301 npon ,3>3 a :o>aw noi3o 3y 33001 
,an3o toonn oioio ok nnoii , 013*103 3i3>o *i>s 3>30 o>33iooon 







C^> 


lira I'm njiiu Nin omni -ns 1 ? a-aon □■ , sn;> nun’Jiu 'juj "rniinn ujmn :18.6 tps 

.an^on -vs 1 ? un’i nunn 


i3o noon ,3>3m 3o n*ip03 .nno on3o toonn oioio ,nni ooooo m*io3 
,iooii)3 ,*ioi>3 ppn Kin i3o toonn 01010 p3i 3i3>on *iv*3 *mi> ntnp 
*i>uo d3id npini noono iii>3o *mi’3 3mn Kin mnon 3o toonn 01010 
.3>3>n 3o mo 3mi oyton 3o mo pp toon 01010 o> npon3 ,3i3>on 


lkg 'tv wik .moo >ooo 33*non 1*93 3o tonnn oioio mo 
13*hko noo non 010 im» p»i>3 ominon 2 kg 'tv nooni 


Hill 


2 kg 


A C B 


:mtipi3 omiyn on’ip on>3 ,lm 
13*10 - B ,o>3Koon noon Tit - 0 
?B 1A \>z pmon o>nno - C ,oion 


18.7 TPS 

I A = mrr'i + 012*12 = 1*0 2 + 2*1 2 = 2 kg*m 2 


1-0.5 2 + 2-0.5 2 = 0.75 kg-m 2 


msm 


rynnfi 


Ic= 1-0.25 2 + 2*0.75 2 = 1.1875 kg-m 2 


*io9K >k “qd ,n9>m i3o noon on39ono ^x Kin t>9*n f)un *iok 3 
,3"U01’K 0*111)3 310>n3 *1131)3 Tim ,0130 0*111)3 310>n3 000003 
:K>n na>u*i mooo <\)X 'tv tonnn oioio nnoii 


I = 



(18.5) 


h>31 .11 nnoii o*iii)3 toon oioio o>3ono tu>3 nKti p*i9n ^103 naon 
d>*1>3 >3A3 ,0>S191 0>91A *1900 30 tOOnn >01010 30 OIKmon OK pt )K3 

:o>o>>ioo 
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ynp aia>v vs oy nyw* - *r>oy bv npoan - 18 jy» 



-C=> 


*i>sl7 on>i L inmi m inoo\y 010 


1 = U' m ' 12 


: 10*101 niyn 


*i>y^ ©n>a L ii*iihi m wioov 010 
, 1 l2 :inypa*iaiyn 

I = r m-L2 


*i>sb on>i R ioi>*ni m inoo\y b'bx 

, 1 : 10*101 *niyn 

I = 2*m*R 


t?n>i R ioin*n m inoow p*r bibn b'bx 
I _ m . R 2 :10*101 niyn *ioP 


.1 


.2 


.3 


.4 



>oo9n noi>*t*i ,m nnoov jiPPa nyao 

vsb t?n>i ,r 2 ois’fin noimi ,Ri 

, 1 ,„2 2 . :no*ioa *iaiyn 

I = 2* m * ^ R i + R 2) 


.5 


on>i R it>i>*ni m inoow bibn *11*0 .6 

2 „ -.10*101 *niyn *i>sP 

I = j-m-R 2 


on>a R ioi>*t*ii 
I = |-m-R 2 


m ifioow Nbo *11*0 
: 10*101 *invn *i>sP 


.7 


,b iim*ii a ii*iik ,m inoo\y p*r pbo 
: 10*101 *inyn vsb on>i 

I = J2' m ' (a 2 + b 2 ) 


.8 


innnn '•ojmn 18.8 irs 
.Dnnvn D^aia Taun 





















yiap swc a>s oy hyiifl - tHKTiii Po np»»o - is paa 


P>apon van oaoo - ai»oo oaoo 18.4.1 
KSDin ,moPa a>aP a>aoo w n>nnn nia’noa nainoon *t>au Py Panoi 

.<liAn Pw noon moo s pnaoa 
naipi Pa Po n>n'mn nia’nono oaip ivnan 
niaoP ,onan .nnr ma>no N>n a»9yn <ina 
mo avmo ana a>yp a>aoo aainoo ^uno 
P>apo a>yp on>a ji>r>wn ma>non ,noon 
.w oa K>n noon moa aaiyn 

npnyn .niyun >noP pPnP po «^nn nyun jik 
. noon moP a’aoo nia>oi noon mo Pv 
Po aiP>o N>n <iwn Po n>PPan nuaiNn ,pP 
,noon mo nyun Po n’PPan nnaiNn 
ujmn i’i niuiin :i8.9 -ms mop a’aoo n>aia>on n>ovpn nuaiNni 
annn ujmm irauPa "mnn .noon 

.nunn mnp orra 

Ek = Ek c.m. + 2‘^c.m. - w 2 

:H»n noon mo Pv n>oi’pn nnainn 

„ _ 1 2 
Ek c.m. - 2 -m-v c.M. 

:Kin moo s pnaoa Kaoin aia’on a>yp on>a ,noon mo ma>no 

Vc.M. = W-S 

Ekc.m. = i’m-w 2 -s 2 :PapJ 1 a’SI 

: >aipon aia>on amP on>a o> nnoiao nvnP nPia> n’PPan n>oi’pn noninn 
E k = i-I-w 2 

:Papii mionan nKiwoa o»io>an Pa nn a>m 
i-I-u 2 = i-m-u^’S 2 + ^'Ic.m/w 2 



riKaoi 



(18.5) 


P>apo a>yp oma aonnn 010101 inoPa a>aP on>a aonn oioio pa nr nop 
.P>apon van oaoo ik m»oo oaoo Nnpi noon rnno *pa aaiyn 

Oc.m.) noon moP a>aoo aonnn oioio yia> no Ha ,aKO >oio>o nr oaoo 
.(I) nnn a>yp a»aoo aonnn oioio nn nyaP o>aiai 
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Via p aia>o a>* t>v nvun - a>as <iia aw np>iao - 18 pa a 





Nao am aw iDmfl oioio mo 
o>va a>aoo R itnmi m uioow 
?omap>won 


:n»m 



o»sa oma imn aw nonnn oioio :ima 

:Nin nanon 

2 

Ic.m. = j-m-R 2 

oioio ,a 3 ”ow oawo >9 av ,pa 
oma p>won a>va oma aojinn 
:Nin (noon taaoo R pnao) 


I = Ic.m. + m-s 2 = j-m-R 2 + m*R 2 = g*m-R 2 


V3010D 18.S 

Jiia>on av oaoa vwav aiav3 ,a’9vn ^un aw nvujin on mN>nw ohNa 

.a>9v <in aw nvuji >n in nviuia 
lioaai avia man na naipia mian o»aoo ava <)ia av ma nav9n aw nNvuin 
pma ma iPv a>v93 on nn ,*jiaN aiao av noma aanoi on .man naiva 
nniNa ivi3> aAoon >pan aa .(’Nl8.il nvs) noo aw> aiaon nt> ,iiaaoa 
^oua i-n taaono m>o> man jin a>v93 on ,aaN .^ivan iniNai ma’non 
.(’ai8.n aw) pvwn in>aa aia>o jivuji oa aiaoa mnn noo nviina 
.pi’aai aniAa niiw niomo n>nn aiaon *piNa miiw moipia 

. . ... 

:■ U 

r---a 

»________,.j 

i 
I 

i 

'2 'N 



trm ,imvinn nm*a "pan raron*? nrma man mm mu irtuan :18.11 tpx 

.nn^ oa nmu ^pan nsm m3 n^uain 

,nii>ai man aan jin oa pawna np»w wan PNp>o >9 *pv pa ,anAna uPv 

.man aw naivan Jiaipi oip’o jin oai 
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1 

ynp an’o *m oy nywi - *r»ay «pi Pv np>jao - 18 pns 


.(•ikii) r n>ni>n nwi piooi ojoio Kipi vnnn ’PKp’onn *j*iyn 
-noi p>no nPKon jiPkoi ,nPiyan mipi dk piom npiP oioiono pmo 

?nnn Po nPiyan mipi Po pmon 
03010 oio’n .N’no rrtipi Pdo noino m>np Pn’ pmon :iro K’n nmonn 
moiK fiNt .om>n mipi nP Kipiw nonoo mipiP onn aw>n Kin 
,om> mip3 PdP onn mw Kin o’ioo no nPiya npy onin oioiono 


18.12 nre Py Pdho 3 oioion jik *imnP m 
.inoPp °|iA Py A n*Tip 3 P Pyia P nip no 
PpP onn nwy>nP Pip’ oioion Pio’n ,piokp 
pno noi’o-r mipip onn iP’oki) <pm n*npi 
r pmop JiKyoin ,B mip3P onn ,PooP .(^np 
.(A) nnn nPiya mipio 

.ujmnn imxi :18.12 ivs 

nPyan mipio oin>n mipi Po pmon in nPaoon :K>n oioion trmn 
.( e ) onono n’lirnsin inPi ,(F) mipn Pynn nnn inP (r) nnn 

:*p oioion jmin nKp>n .hkiwop 


t = r’F*sin(0) 




:nKpn 


W rPUJ 


♦ 

F 


mm irmio F Po innni r Po innn in mum 
rmpi pk om>n mipio *r>on Kin r Po innn 
ok .F-P r-o *T’on fiTtoi n>inn .nnn nPyon 
pyon pin *ni Kin F-P r-o on>on Po pinn 
Kin pn’on Po pinn oki ,nni»n K’n nnitn 
.n’P’Po K>n n’inn pyon pin oy 


.imm imxi : 18.13 ivs 




.wra iCraa Pm 'P'Pumi nvim lira irrran :18.14 irs 


:Kpn P*rpnn pppno *po nK^inp 
.non oioio Kin pyon pin *taip pn>op o*mn oioio 
.’p’Po oioio Kin pyon pm oy pip’oP o*mn oioio 
n>PK onnv oin>n mipip oKJinp pm *jk vnio oioion *ni’o nn’on pm 

.oioion aomo 

It] = [r]*IF] = m*N oioion rroi po nn>n>n 

(PPd pp nnwp p’K p n*rny Po nn’n’P mm iPk im’n’o nnoP) 
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yi3p*3ia»o oy nywv - c *\n Tv np’ian * is pno 


.mm3 nyanx i>ay o>ayiai 2 m ia*iiNo Pa-ip ay Panoa noAna 



*rnx Pa aio>na P>nna .jioopo naipaP n>pn> *poji aomo oaoio ,moxa 
.PAapn Po ’Pxoon nspa nxsoan ,A naipaP pma o’oaoion nyanxo 


Ti=0-100 = 0 :xm a naipaP pma F 1 man Tv oaoion 

.van*? *r>on nno ,nian Pyio na ntipaa oma ,nia Po oaoio :N>n naponn 



M&-- 

:Nin a rmpaa pma F 2 man Tv oaoion 

T 2 =1.4-80-sin(90°) = 126 m-N 


Oiyon )ivd -tai aia'oP o*m F 2 man ,A rnnpia omai nnNO >ai>n oaoion 


:k’D napoon 

man iiaiys n*npa an nanon ipn pai (F) man nPiya jiva i>a n>nrn *ioxa 
r = r-F :*im> nows n -113 oaia oaoioa >io>an 90° x>n (r) om»n n*ripai 


T 3 =i.8-i50-sin(o°) = o :xm A rmpaa oma f 3 man ao oaoion 

.man nPiya ip ay n*ripa Pa3 on>a oaxP nm» ma Po oaoio :N>n napoon 



:xin A naipaP oma f 4 man Tv oaoion 
t 4 =0.4- 140-sin(60°) = 48.5N-m 


.yiypn pi»a tai aia’oP opia F 4 man ,A naipaP pn>ai nnxo >ai>n oaoion 


:PAaon ranoa nxsoan ,B naipaP pn>a o>oaoion aw>nP aiaya 



:xm B naipaP oma Fi naan Tv oaoion 

t 1 =1 • 100-sin(-90°) = -100 m-N 


.pypn pi>a oy aia>oP oan F! man ,B naipaP pn>ai anxo >P>Po oaoion 


T 2 =0.4-80-sin(90°) = 32 m-N :xm B naipaP pn>a F 2 man Tv oaoion 
.■pypn pi>a *tAa aia>oP dtia f 2 man ,B naipaP pn>ai anxo >avn oaoion 


t 3 =o.8* I50*sin(0°) = 0 :xin B naipaP oma F 3 man Tv oaoion 

(man Tv nPiyan ip ay x>n ,A naipan 10 a ,B naipan) 



:xm B n*npaa oma f 4 man aw oaoion 
r 4 =0.6-140-sin(-120°) = -72.75N-m 


Oiypn iiva oy aia’oP oaiA F 4 man ,B naipaP pn>ai anxo >P»Po oaoion 
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ynp aia>o vs oy nyim - a>au *px aw «p>ia» - 18 pna 



A ip 

TV?1U9 
Iran 


man urn 


man naiya nmpi ,ma aw 01010 onwno awNa 
.man naiya ipo nina naiwn 
avian F ma ay aanoi ,oawon jin anona >aa 
,nian aw oioion jin awm .B nmpia na>n ay 

.A nmpia oma 
T=r-F-sin(P) :Nin oioion , 18.6 nNiiwo »a ay 
mvw nNai r-sin( 0 ) no>an ay aanoi on ,aaN 
in ,c nmpia A nmpm pa pnaon own 
ip i>a anm a^pn pnaon im ,manN o>a*oa 
.A nmpm i>aa F man naiya 

ip ay nmpi aan ayia nm F man onw *ra 
.nm iaw oioion nm .uiaiya 


.nun inai irnn :is.i 6 avx 


oinm jiaipi pai man naiya ip in pnaon 

.man yiat Napi 


.r*sin( 0 ) man yim-a F man naaao Nm oioion mmn owaw *p 


aaian taan 18.5.1 

namo a>aun <iunw in>ao .iapwo Nin ma^ <111 ay o»ayian jnnian anN 
aa oiao Nin aipwn na’won ma ,ijiin onnaon o>p>pan aw an naooo 

.o>p»panno anN aa ay o>ayian na’won jiima 

M-g = E(m,-g) 

?o’p’pann aa aw aipwn man ayia nmpi k>no 
nwNa anN ,aaan Jiima ay naan my aa nmwn nnm Na it naNwa nmwjin 
.iNo naiwn naiwnn ,<iiin ay o>ayian omioioa o>om>no 
Nm ia>Na <iwn apwoa ornrnna ino .nnm naiwnn noo>o <iu aw nnpoa 

.<inn tanoo ayia 

man nN oonwi ,anN ma nntya mnN ano aw iapwo nN *mna nmi on 
ii»nw odd aw mpon man ayia pmo ,anN .(’N 18.17 aim) ainon tanoa 

?(’nl 8 .i 7 am) amN 



mg mg 


.qian 'jqj norm mm ,ujmnn liunn imran , 1*213 nnn ^i^n *2j3t un :18.17 irs 

:Nin ,mwaa nmpia oma ,<iun >pano anN aa aw oioion mwm 
St i = fi-mj-g + f 2 -m2'g + r 3 -m 3 -g + . . . = g-Sfj-irii 

tano na Nnpiw ,nnN nmpio nayio Nm ia>Na «iiin noo la nN nwm on 
t = ?c.o. 'Sm,-g :naw oioion nm> (r c .o.) aaian 
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yiap oia>o *tn» oy nyun - *t’os <71* Po npuao - 18 pna 


g-Smi'fj =f c .G.-Smfg 


rc.G. - 


Sm,-r/ 


:Papn o”io>an oo pi nmo 
:7Nao 


0101 ^nn Po naian 0*10 .<7nn P\y noon tanoP uPa>po >io»nn pma inr 

:N>n nipoon .nmpm nniNi on 1P0 noon 


.«7nn Po noon ranoa tamo iPia iP>no ,t>asn «)nn PpooP o>on»no 


n>oniN>n Pia> nainn 010 Pin ,i>pPnP on>a yiap Nin <711 bv noon 0*10) 
o»o»oo oPym won .nmpiP nmpio mnoo naian nmNn on .nunonP 

(.nin* p iP>Na nmpm »n vb on»nii nPN o’noaN 


o’oioion bip\y 18.6 

Po iivan .Pun mama n\yy> ,<711 Py nuor 11 o’Pyian omioio naoo mam 
Po Nin mammy *71 ,e n>mP 7o>on noun nmya 71a ona npPi oioion 

.ooion omioion bv o»P>P\yni o”iimn o>anyn 
w»n ,o>oioion Pi pv oaw mna ,oin> nmpiP on>a aoino oioio Pai nnNO 
.oinm nmpja nPnn any Nin <inn Py o>Pyian o’oioion Pa -70 



o>Pyia im nyPu anNO nam Py 
.nnnN nmpia *tnN Pi nftia noiPo 
4 Py o’Pyian omioion Pi pv mo 
?namn tanoP on>a ,namn 


nmn 


F 3 =120N 


omioion nviPoo tnN Pa awm 


Fi = 100N 


:Nin o>oioion Pipo 

Sr- t 1 + T2 + t 3 = -50 + 0 + 84.85 = 34.85N-m 
onu Nino aia>on 710a paim Nin omioion Pipvo 711*30 
.7iywn 711*3 nil Nin ,na>nh ranoP on»a 


.^un Po lauo ny*apa nynao ma’on o» onmoion PipoP 
nmmoa nyun - <7nn Po mo on mnian Pi pv yap ,nw* ipa nyunao 10a 
<7un Po n*aia*on myon aso on yaip onmoion Pi pv *73 ,mnNn in nyiap 

.n*n*m mnNn in nyiap n*n*m nnmo - 


-487- 






























yiap an>o vs tsy nynn - < r»ay «iw bv np>no - 18 jns 


ftWjlif'hVimfti huoi <inn - ookP nno <inn by omoion Pipo noKa 

.nnuoa ik nynp 

.mmitt nsiKJia kuoi <iun - oaKo nno <inn by ta’oioion Pipo *iok3 



non ‘3U umm :18.19 tps 
. irimpi 


t = fF'Sin(90 o ) = r-F 


F *rnK n *ijnn oioan nnpon by Panoi ok 
m jnmipi nooo aanion ,*t>ay <in by Pyia 
nnP ,r laniNo noo non oio mm mainon 
nooP omi nnno mpioon nuiKnn nn .an»o 
:liom bv non pina mini 

SFt — F — m-a T 

:kih anion i>* onn ,nnn P’yaoo oioion 


r = r-m-at 


:Papn nmpn nsiKiin ok iiona am 


ar = a-r 


:Kin mnnitn nuiKiini nmpn nuiKon in nopn 


t = r-m-a-r = m-r 2< a 


:Papn am 


,an>on *mP onn .jnmipin noon bv *ronnn oioio Kin m-r 2 
t = I-a 


’io»an 

:pPi 


omoion Pipo ,oioioP o*iiai <inn by pyian *rnK nno *wn» o» n mpoa 

:<1iin bv nirmitn nsiKJin ok yap’o Kin 


Sr = Fa 


( 18 . 7 ) 


Pipo in mopo K’m ,11010 bv non pinP n*mn K»n 18.7 okiioo 

on»n ynp .o*m Kino jnnnnn n^iKnn ini <inn by o’Pyian onioion 
.noon bv nnoinn nPnpon - *ronnn 01010 Kin onon 


nnoiin ,*mp anoo nym mrmpi noo mP p*i nnoiin dk nronao nnoP 
o’pipPn bv <)oikd *t’q^ <iia Pa by aionP poo inno ,*T’au <in PaP mm 

.omn 


yi <inni oaKP nno mjinnn nuiKJin ,ookP nno o’oioion Pipo ioko 

:nynp moon nVnnoa 


St = 0 


a = 0 


(18.8) 


onao nPKPi oaKP nno o’onon Pipo onao nPKP onpon nino ok tnai 

.Ppoo nno Po ason nima P>nm .ooko nno Kin 
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snapaiaw im w Asmn - maa *si» Pv np>ia» - is pna 


fa* <)n *yv bp\y» *nny >N3n 18.7 
Pipww Kin 'iv Ppvon >iw >ksji .pawna o’npPi kP <\n no>o *wKa 
SF = 0 :oaKP mw vPy o’Psnan mrnan 


Sf x = 0 :Kin a>am a>an PaP >Kinn ,o’a>anP pima anKP ,ik 

SFy = 0 

fiiKw na’n Py o’Psnan onw ninia >w Pv onpo >w Py Panoi ok ,PaK 

:Kin onpon >wa na>nn Py mnian Pipy ,a nyPa 

sf x = F - F = 0 

nmpiP kPi man nPiya imaP pa o>on>>n» dwk ,ninia Pipv> aw>na) 
_ _ (nPiyan 


glgll F |i§|g| 

'1 'N 

.Daw*? mioj urn*? ins r^u tnujmnn ‘npui D3 ^puin '•iron mm * 11311 ] :18.20 nvs 


*rm nPiy9 Pw nKsinnv am ,t?9KP mw ninian Pipvw nnoP ,PaK 
fan py owminn Piptw K>n nawn ,<ii>n P\y an>o K>n ’a mpoa ninian 

.t?3KP nt mpoa mw u>k 
, na>nn vano ntipiP ©n>a PwoP /a mpoa owioion Pipv jik awm ok 

^ a c • fnr\0\ a 17 ,™n\ r- :KW1 OWSOIOn PlpW 

St = 2 , F-sin(90°) + 2 - F-sin(90°) = F-a 

.ookP mw mn> owioion Pipv oav vmP a»n Ppvon mw >Ksn ,pp 


t?ma owioion Pipwy nnaiyn ,oin>n nnipia >iPn owionon Pipvi anKO 
oma owiouan Pipiw K>n nvmm ,p>aoo ii>k osnP mw nnn mipiP 
.Ppwo >11 w Pw ayoa mn> ^nnw na ,©9 kP mw ni>nP a»n n*npi PaP 


:P pvn mw aso 
:oaKP mw <)iAn Py Pyian Pipvn man .1 


sf'x - o 

S?Y = 0 


(18.9) 


:oaKP mw ,n*ripi PaP oma .owioion Pi pv 2 

St = 0 1 (18.10) 
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yiap aia>t> *t>* ov nyim - r>nt <iw av np»ia» - 18 paa 



to* *p> bv bp\y» wwa o’b’nn ^nna nunpy 


.mnian o>ayia vayv a>asn <)ttn an flints d> .1 

*fv naiyan jnipa imi a>asn <^nn ay o»ayian mnian aa an mm-a d> .2 

.ono *ffiN aa 

,<jun ay o>ayian mman aa iai mma d>*nji otnda v» .3 
.d>a>sn >iv >axa mnian imiido an auiaa d> .4 

.dnuaion iadin> n>aN drnad naipi mnaa d> .5 

in ,tmvn naipja d>ayian niman aad maia v> oimn naipi nvnaa 
.naipia oma ojoio onsv Na ,om>n tmpi *pa naiy dnaiya ipd 
(nNiivona o>>aayin aaoo jin mnana >aa it miana dttjwna p>3) 

3w>n >aaa >a ay ,it naipia on>a ooivn a>tooion an avna d> .6 

.0>0301»fl 

.F pvaa r pvan Nin ©joion p>a ** 
pi>am .pyvn pi>a axaa >avn Nin .F-a r-o avono oioion jiva a 

.liyvn pva oy >a»av Nin 

dn>j»i»n aa av ma»n n» ay onajomn aipd uniivo an awaa <v> .7 

t?aNa dimiidm lavind 

>n»d av nvya ,a»apoa o»pnna ma>ayn ihniivo vMv \y>\y iirao .8 

.o’oayj nviaw d> on pa niyapj apvo 



o>ain l m laaiNd noo atm axno ay :>Nnoxn 
>3M»n aaai 2 kg av naipdo anN ana 
ifcg maipvon aau) 4 kg av Jiaipwa 
I : .(nw posy 

napn jiaipvon p pnao m>Na .n 
* p ,iywon mipi jin opoa d> 

?apd» nma aioy> axntttid 
?iywon jiaipi ay ayian man mo .a 


lllii^lll®illlrifj»i,ap\yo mi>w axaond iivao 
N .ooNa mid naipx 

* ay D>ayi 9 n mnnn onnn 

T 111 :Nin axatm 


Na won >a) lyvon naipia oma twioion aipv jin avro 
(.it naipia ayian (N) man dn o»yai> 
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ynp aia>o vs ov nyijn - vas «p» np>»o - 18 pv> 



noon bo 01010 m >^0 kw noo>n noon bo oioion 
7ionn )ii>aa >ai>nn yivan jmxn Wxa >avn Kin vanoon 


.iioom noon p 2/3 m K»n )yoon mipi 
UK o>ksio w»n ,noon rcno ak o’avnou»n ok) 
pina )yoon n*npi hk o»vi ok p*w pvao n ntipin 
(.apoo >n>oa n>p’ Kin ^nn 'jv noon tanoa 


.o>a*n >iwa kiso^ )m )yoon jvripn Vyian nian hk .a 
ioa ,innK mipiy on>a o>oioion >ipo ok avm!> *wok 
tnpo hk aona ox *wqk .yvo> ,nois»pn noo>n nnipm 

.ninian 

rnj-g + m 2 -g - N fff 0 

N = mfg + m 2 'g = (mi +m 2 ) > g - (2 + 4)*9.8 = .58.. 8 N 


m - ? 2m laniKi 4kg mooo vnK !ono I'anoxn 
J§ 80 cm pmoa pm mipi *y pm 

,>io»n inspo 
na oo>n inspa o>oP noon >no 
0cm * ?ypoo »ii»oa nioy^Pxnono 


18.22 11’S 




o'vrm .naaoa ksoj fro noon lano ,*r>nK iunono pi>ao rpnna 
N f :Kin >x*ion 'jv o>yyion ninian 


.^yoon n*ripit> ova onooion Pipo hk aoni 
(106cm - 80cm = 20cm) .20cm pnntt llttn t:n>D 

.80 cm moo npnm n noon 
mm nKiwon 

.: : M : xxS^^ :• .x: WxxMrM .• cxxix -.vx-Sv 

0.2-M-g - 0.8’mg = 0 


_ 0.2 _ . 0.2 _ .. 
m — M*q . 4*q 8 


: ",.;.: & ^ls5w:. • .: 

■llllilllllil 
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snap an»fl nn» oy nyian - t>os pa Pv np>ian - 18 pna 


imp >m> Py naao lm naaiKi 10kg nntnav n*r>r»K mip 
nnno v o> .mpn nspo 20 cm pmoi nnx Pa ,iy\yo 
. 8 kg Pv n>iw nPpwo }>»> tyo 10 cm 1 5 kg Piy nPpwo 
?}ywa rmpi Pa nP>yaow Plan inn 


i n»in 


18.23 IT'S 


on mpn Py o>Pyian ninian rjma 


cm -i D’pmn 


Ni iyvnn nrrpi mma on o>yn» KPn ninian mv iivao 
nnpjo nnnP on>a o>oinio P ypv iiKiwna P>nio N 2 i 
oy nnn mnwo oy *ikv’h o>»Py:m anK kk Poai ia oywol 

anK oPyi 

Sr = 0 .noo’n iywan mpjp trn>a o>woion Ppv imiwo 
py p’on UK ano oioio aw>n Paa $in(± 90 °) a>anP opoa) 
(pyiun in»a an p>an Kin >ai»n )ii>a Pv PPan *i 
-mrg- 0.2 + M-g- 0.3 - Nf 0.6 + m 2 - g' 0.7 = 0 


Sf y = 0 :mnian Ppv nKiwoa way vomo 

mpaP on»a onaioion Ppv nKiwpa voiwnP oa *wok) 

(mnK 

m 2 *g + M-g + mrg = Ni + N2 

















yiap aia>© an oy nyiin - *r>as *pi bv npdao - 18 paa 


1 


naaiKi 100 kg nnoow n*r>nK naip 
nawpi ,an natya a>pb nptmo 3 m 

1 

\v 

.30° mma omb >wn mpa 

li 

^_30Y^ 

?oina mmnon >no n 

p 

18.24 IT’S 

fii lipn jy I'Sii jiyijTjxJ non ?no .. 



:tjn naipn by a>byian mman 
.mvai mua yn> mg nw 
pi>ab 30°) uwaa yn> T man 
.ibana yn» Nb baa (>pau*n 
.mvaa Nbi ib*ma yn» Hb N man 


t>n>a oMMOion bipv nn awm T mmn&n m Knob na k 
.N dbyin t)H boai *yai ,ann ntipib 
Sr = 0 :K>n anb t>ma d’tooion bipw nxiwo 

3 -T-sin (150°) + 1.5-mg-sin(-90°) =0 

T _ 1.5-mg-sin(-90°) 1.5-100-9.8-sin(-90°) _ 0 _ nM 

3-sin (150°) ““ 3-sin(150°) 


mman jin paai ann b>y<Hw man noa m Nisob na .a 
N T : :d’a>aab : 


N-sin(a) 


T-sin (30°) 


N-cos(a) 


T-cos(30°) 


sf x = 0 :N>n X ana mman bipv imiwo 

N-cos(o;) — T-cos(30°) = 0 

N-cos(a) = T-cos (30°) = 980-cos(30°) = 848.7 

S? v =0 :K>n Y ana mman bipv jiniwo 

N-sin(u) + T-sin(30°) - mg - 0 

N-sin(a) = m-g - T-sin(30°) = 100-9.8 - 980-0.S = 490 




«<“> = sTO = 0 577 ™' wra nmrm 

:Nin ann b>yaov man ,}Nao 


N-sin(a) = 490 ===» N = — 


490 


sin (30°) 


= 980 N 


'MiiKM 


¥ .« 
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yiap aia>o a>s oy nywn - mas <in aw np>jao - 18 paa 




lilliif 50 kg im?ow amK oaio 
OapO 10(1 >aiK ‘lip ay 1JIW3 

dMw« naunn yn moon *pamn 

.0.3 Kin 

naanm a>pn o>a>yaoiy man mo k 
? oaion ay 

imi na maomon n»mn mo .a 
?apv/o >nafe oaion hk anayna 


n fimn 


•>paiK ymaa >aoau nia oaion ay a>yao >aiKn mpn K 
a>pa p»vo ma i’K a>pm oaion yi *pam i>ko iioao 
p’vo *jiam mai >aiK >aonii ma oaion ay na>yao narnan 

.namaa 

: Kf'A ■■ 

+ y :Kin oaion ay o’ayian mman o’oan 


: Km Y msa mman aipo jikiwo 

mg -Ni = 0 

Ni = m-g = 50-9.8 = 490N 

.490 N Kin mpn a»yaov man 


:K>n X ama mman aipo jikiwo 

fs ~ N 2 = 0 =* f s = N 2 

liamn nia Kin *Tiamn ma aoKa Km maowaon mntn 

.>ao’oaon moon 

N 2 = f Sma x f pi! = 0.3-490 = 147N 

mai >ao*iim man ao aipon Kin nay>an na»yaoo man 

:>ooon *pamn 

N = Vn 2 i + fs max = v/490 2 + 147 2 = 511.575N 


aima min .owaoion aipo awn natya kuoi mum jik .a 

rnimmin nupia oma Kin 

2-N 2 -sin(180-a) + l-mg-sin(-[90+ot]) = 0 + 

2- 147-sin(a) = 490-cos(a) /"~' v 

tg(a) = 0.6 1 180-a s 

a = 30.96° M < f?' 


90+ot 
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ynp oy nyun - -pos *)M bv np>iao - 18 p*ia 



n3U»*i by nynp nn>nnn 80 kg mow o’bAbA by p*ik 
* p3>nn tnpo .ypnpno 80 cm rona F >paiK no n> by n’paiK 

. 0 . l Kin naynm piKn pa >w*pn 


i n»in 


80 cm 


20 cm 60 cm 20 cm 
N18.26 irs 

?F man mo k 
TO’ bAbAn by naynn nb>yaov man fti .1 


>iv bKi *mK bibA bya o»n*r>pn o>bAbAn ow bn orp>m 

___ .idn bAbA bya o>n«Kn o’bAbAn 

:Kin )mn by tpbyian nmiah owm 


o”bo*nm nimab onwp fiamn nwio 

fs 1 = Ms-Ni : fs 2 = V s’N 2 


Kin Y n>ya mnian bipw jikiwo 


Kin X *i>ya ninian bipv jikiwo 


bv yAon jnipj K>n ,A n*npib on>a owioion bipv jik rwni 
,OflK Kin *pa>nn jnnia >wi Ni b\y woion) o»o*rpn D’bAbAn 
.(ntipm *p7 *iaiy onbw man Jibiya ip >*> 

ST = 0 S' • .. .... _ 

0.8-F - 0.3-mg + 0.6-N 2 = 0 

xY _ 0.3-mg - 0.8-F _ 0.3-80-9.8 -0.8-78.4 , M fX , 

N2 _ . _ . . 0 6 " . ■ = 287.5 N 

Ni = 784 - N 2 = 784 - 287.5 = 496.5N 
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yiapan>o vs ov nvun - *r>as 'jv np’jan - 18 p-ia 





























































































































yiap ao’o no oy nyun - *r>ay bv np>iaa - 18 pna 



18.28 irs 


^ 20 cm t^mv 'iOKg" mm mx 
.5 Hz bw nyop nnnm nainoa 
■n 30 N bv non obn bAbAn by o>b>yaa 
y\ *ro>nn onpo .naaa 11103 

Vj . 0.6 Kin bAbAm oban }>a >oi>pn 

0 - ?bAbAn nsy> pt non *pn .k 

.nyy>v *ry bAbAn nw> oon’t? noa .3 


fi riWfi 



f = (i k-f .Kin bAbAn by byiaw 70 ’nn no 

nob t?n>3,bAbAn by oioio boaon n>n>n non Kin nt no 
bv non boaov noni F non an oonKn ninon ow) .ao>t?n 
(3i3>on no inrnniy onov bv nbiyan ip .bAbAn 


St = -r-f = -r-^K-F :Kin 70 ’nn no b’yaow oioion 

(liyvn 1110 oy Kin oioion pow bbA3 (-)-n p»o) 


1 = ^ m-r 2 
St = !•« 


:Kin ,mno3 nob ©no ,bAbA bv nonnn ©3010 
:Kin tnnimn mnoa }ioi>3 b© ovn pmn 




-r-//K-F = |-m-r 2 -a 


:b3p3i 303 


m*r 10*0.2 sec 2 

niKnom ©mwi bAbAn nnoyb *ry imn dk Koob on .k 
. n>nnnn 10303 nyop nyiKJia nyunn 

w 0 = 2-it-f = 2-1T-5 = 31.4— ; w = 0 :on OOUiin 

sec 


10 - 0.2 


W = Wo + tt-t 

w - wo _ 0 - 31.4 


1.74 sec 


:nnoi 33 voiwi 




nuyiv ny bAbAn 33in©n© ooo’tm nano ok Koob nn .3 
.□npnn Kin© n>bbnn mum dk ksoi 


A0 = 


:nntn 33 wonwi 


11 4 j. n 

AO = ——* 1.74 = 27.39 Rad 

:Kin ooo>on naoo pbi ,2-it K»n n’mn no»o b33 

„ _ A0 _ 27.39 _ . .. 
n ** 4.3o 

2*7T 2-7T 

0.36 *tw wtfrv o>!m>t7 4 virion 
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imp m»o nn» oy nyun - t»as yx *?v npmn - 18 pna 



'tv yut> n!w>> 20 kg nnom> npon 
*in nponn mo o’omn npoix n>u 
'tv nPipon onvnp vPyi non non 

•2 kg 

?nponn Tv n»n>mn nyixnn >no .x 
Toma nin>n»n >no .a 


x n»»n 


riponP mronn o>«nt» fix oonv/j :^ma 

:n!?ipvo!?i 


r-T = I-a :xm ,nponn onnl7 onn ,cpoininn nipo imiwn 


Mt 2 :xm ,ntnnm n>u!7 onn , nponn Tv nnnnn oimn 


Kin n>n>mn nyixnm nnipn nyixnn yo. nvpn 


•T = ~-M-r 2 -p :Pnp3i n>i»3 

(nxxinn Tv y*>oo h't xm y>ii9» pixno *td .ounonn ov*nn) 
M-a ,, . Iliill 


x»n ntnpoon nininn nxiwo 


>ionn nx am 


nsixnn nx ttoj .x 


x»n mn>mn m 
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ynp aia’o *i»s tay nywa - -ras <)« 'tv np>»» - 18 p*ia 


Ky 




jii’Pn 2 kg >o nooi 4 kg 'ro noo 
rPA^An noo .iPa^a 'pv nn>^ owo 

•2 kg 

nnina .nioono jinx bD raiKn ’no 
h^n ,nbA^An !7y ppno u’n bannw 
?n:m>o m *pn nn>N yi 


triiAn p’vono t>yi9 !nnn ^yi *wno 
3| mn’Jion .iPPAn oy *rn> y«> *int? 
niw ni’K iPA^An 'pv -man mm 
on”ro ,p^i noon mm mn>not> 
i8.3o ivs .oni9j oPan o\sP 

:nm iPa^aM nioono nna ba> niman o»onji 
T 2 i: T .. . T, : 



y > i f 1 ■ * 

Kt,=*t?iM:vm2g ; : i Mg 1 : ::' rn,g 

T 2 Ti 

.noo’n noon mn> iii’aa >ai»nn pi’an on anal 
Efy = mi*a :oo>n niman >ipo mnwo 

(1) mrg - Tj = mi*a 

SF Y = m 2 - a : Pnowi <»iAb ninian tnpo nxiwo 

(2) T 2 - m 2 -g = m 2 -a 


St = I-a :manoa nm onn o’oioion bipw okiwo 

r-Ti - r-T 2 = I-a 

a « 1 »# o siisss a 

'i 

M-a 1 


r-T, - r*T 2 = j-M-r 2 -| Papal I = |-M-r 2 ; a = p 


(3) Tt - T 2 = 


.(Ti.T 2 ,a) o’o!oo noiVva jiiniwo oPo UP o> 
:(3)-a ami (2) naiwoo T 2 mo (l) nNiwoo Ti jih ^na 

.. >>:/ M*a . 


*WMi ffl 


:fnM 
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yiap aia’o nn» ov nyun - *r»as «jw Po npnan - 18 pno 


D»bN|7^’Q Jlb\51\30 18.9 

n’onnnn nPoionn p an amn nipvn oPiya nin”pn niPoionn m 
n’onnnn nPoionn nn ia*m>n .nmnnn nynni poiyn pnon unn’no 
.non ion oinp mwp K’non irrronn nnvnpi non nno nPoiona 
o’ari’pn noK nPoion .non non o’K oinni ri’inipa nvK nonn .niN’^nn 
.n’PKp’O’9 nPoion nnnpj nP 0 ’n’Knn oi’K n’onnnn nPoionn Po 

.0 nupia n’sP nninnn n’9S <in Py Panoi 
Pyi9 ,8 nnin own UK o>o>on ok 
^ un Ppon PnP on”ni .t nnnn omin 
jik poi .nonn nnnn Pyi9 Kin iP’Ka 
nonn onm o nin’on n’n yi pnnnn 

.s-ac.M. 

t = -s-mg-sin(0) :Kin oininn 

moyp Pan ,mop n’m K»n mwn ok 
inn ,x no’ ipp nynnn nop Po ain’p 
:PapPi , n’onnnn nPoiona 

sin(0) = | 

t = - mg-x :Kin oininn pPi 

.n'PNP’D’a nPuiun :18.31 ms 

St = I- a :K’n a’oininn Pipo nKiion 
a = | :nopn >9 Py ,n>iip nsiKna n’n’mn nsiKnn nK ^’Pni ok 




:Papi 


.*yi 9 n p’oai ,pnynP no’ on’a nKsm nuiKnno p’nn nninnn nynn mit 

on»n Kin 5 ^ yinpn 

T = 2 -ir-W^ :Kin nninnn ny«n Po mtnnn pt 

n’lit K’n mnnn nnit noKa ,n’PKp»o ’9 nPoion Po nnnnn pt .pnm 

:Kin ,mop 

(18.11) 
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ynp aia>o *i>s oy nyon - *r>as <pi bo npoao - 18 p*i9 


<inn rninn Kb .noon mo Kin n>bKp>o>9 nboioo bo nm>on *i'u *iok 3 
an’on *i>y i>a s pnnon *iok3o *pa nann Koano n>oono mmno .*P9an 
,<1ioi>Kb n*rnnn bo mnon pi «ikio , 09 Kb *)Kio noon moi 


mo ,>o*i9 mpo9 n>bKp>o>9n nboioon nnom nbbai n’oonon nboioon 
s fiK <i>bnnb po pbi n>n*npin noon Kin n>oonon nboioon bo noon 
I = m-R 2 = m-L 2 :Kin n>n*npi noo bo *ronnn 01010 .L oinn TiiKn 

:bnpii n>m 


T = = 2*wJ£ 

Vm-g-L Vg 


n>oono nboioo bo nnnon pi inti 

:nmrf 


.mnpa obn l m *piKa bno 
?n»bKp»o»9n nboioon bo nnnon pi mo .k 
? niifippr inika yuno n>oono nboioo bo oinn *piK mo .a 


:Kin inspn KSOin n>nb orW ,bno bo *ronnn oioio 
1 = §’ m ‘ L2 

.bnon tiiko nomo Kin nin>bn non nainn mo i>n pmon 
:Kin n>bKp»o>9n nboioon bo nnnon pi- .k 


fl’H 


I 


m-g'S 


Him 


iltffi 


m-g- 


§i§§§ 


T 2 ' 7r ’V 3*g 2 ‘ 7t ‘V3-9.8 164 


sec 


fli| n>oonon nboioon thk nK poi .a 
:Kin n>oonon nboioon bo nnnon pi 


t= 2 "-vY = 


l ' = 1*1 


:1K30 


,n>bKp>o>9n nboioob no>Knon n>oonon nboioon bo pnnon 
ii>k m pmo .n>bKp>o» 9 n nboioon bo nniinn 13*10 K*ipi 
.ibo ain>on n>y nnipin >ibn KbK ,n>9nn ‘inn b*K ymp 
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ymp am>o vs oy nyun - ins <iw Po nponn - 18 jna 


<inn mine kP ,noon mo Kin joPKp’on nPoioo Po nn>on vs *iwkd 
nn>on vs in s pnnon vyKno *pn vnn Nonno nnono mmno .msn 
,< 1101 >kP niunn Po innon pt <)Kio ,o<mP <ikio noon moi 


mo .mo nnpon n’PNp’onn nPoioon nnom nPPni nmonon nPoioon 
s jik <i>PnnP p>i pPi fiMnipin noon Kin nmonon nPoioon Po noon 
I = m-R 2 = m-L 2 :Kin n>n*npi noo Po *ronnn 01010 .L oinn TiiKn 

:Pnpn nm 


T = 2 •*• 


m-g-L 


= 2-tp 


.nmono nPoioo Po *mnon pt inn 


mypn oPn im iniKn P*io :n»iif 
?n’PKp>o>an nPoioon Po mtnon pt mo .k 
? mtno pt wiKn yimv n>oono nPoioo Pv oinn *piK mo .n 


:Kin inypn Kuom vsP onn ,Pno Po nonnn 01010 :ii*ii| 


I = r m.L 2 


.Pmon filKo nnno Kin nn>on vsi *nnn tnno in pmon 
.Kin n»PKp»o»an nPoioon Po mtnon pt .k 

























































ynp aia>o *i>s ov nvdfl - *nas «iii bo np> 3 ao - 18 p*ia 


p*)97l 013*0 

r C M = s i? rrj :“r>as «ju bo noon tano 

Smi 

I = S(m,-r?) :d>p>pbti «ioiko aaaian T>a 2 » «iu bo *mnnn 03010 


I = j r 2 dm mam noo nubaim ay *r>as <p* bo *ronnn 03010 

.imoiwi miamo >i3»o yiiob <iun bo wibia* Nin «i« bo tonnn 03010 



:*r>ay *jw bo n>aia>on fi>o 3 >pn n>i*ONd 


I = Ic.m. + m-s 2 


t = rF-sin(0) 


St = I*a 


:b>ipan imri 0900 - *o>>oo 0900 
:o 3 oion jmin 

>ai>n ojoio Km iiyon in>a *r>3a aia>ob a*mn 03010 
,»b>bo 03010 kid iiyon pva oy aia>ob a*inn 03010 

:n»ji>iit mm 11003 bo >3on pinn 


:bpoo >n>o aso 
:oanb nno «iwn by byi9n bipon man .1 

si? x = 0 

SFy = 0 

St = 0 roaNb nno .mips bab oma ,d>o30ion bipo .2 


T = 2* 7T* 


V 


I 

m-g-s 


:n>bKp>o»a aboioo bo airman lot 
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ylap aia>o va oy hyisn - t>qs <tiA Po np»ia» - 18 pna 


na> 3 *i nw ma’a* ’bys o’an b\y *rnnnn \53oio aw»n - naw 

o>PoAovKn nnom wooonP *jn^ noon noo oi3>aso imio fas <\u ok 

: irninn ojoio mvonP 


I = Jr 2 dm 

oaoPk o*nya dm pp noo cooPk Po oo>a ,Pa o*np ,o>PPia aw>nn >aP\y 
>3 PV PlAOl’KO OK 0>y210 OO 3POP .G»* 100 m>An 0>P7AH p mN P\U IDp 

.<)nn P\y n*mn Pv oiPmn 


.n nman nnom oionyp oiKOAn >oo aoni 

.ira-ioa *niyn ©i»P *pino vs* on>a pt 010 P© Toonn oioio 

.M -3 moo OKI L-3 oion *p1K OK p ©3 

o*T>n’o noon «»n ,noon 013*33 .dm noon oioPk ok Pa tmp kooi 

:kih pp noo oioPk pPi M/L :K*n *piK 

. M . L x k .dx, 

dm = —*dx 1* *? 

L La.-,-. gMcalll 

i dm 

, 


18.32 TPS 

:pp ,Kin Poaovko 

_ M rx 3 l +t/2 _ M[/L \ 3 /_L\ 3 ] M-L 2 
L L 3 i-L/2 3-lL \ 2 / V 21 J 12 



.nranna naiyn nP piKO *i*sP ©n*a npon P© toonn oioio 



2-M Tr 4 ]* _ 2*M R 4 _ M-R 2 
R 2 L 4 Jo R 2 ‘ 4 2 


-503- 




ynp iwv -i»y oy nywi - to* «|U Po np>jpo - 18 pnu 




upvun’ji mb>N\y 

Po Jimn’p Ji>n>mn nuiKJini ji>ji>mn nnmon jik ponP po oko .1 

?o> 3 K>*m oipop mPyo 
?<p> Po Tonnn 03010 Po jnyooon mo .2 
?pnynn Po nm>mn nP’ppon mo .3 
?iPo nmon ms jik nyiP >ppo <111 'yv Torm 03010 nonP *i 09 K oko .4 
77onn >03010 *1900 vn> inn 91AP0 pji> onn .5 

?pio>on msP on>p 03010P om> kPo -jp <p> Py nip P>y 9 nP p >3 ts>p .6 

:tok oip’o 7>sP omp 09KP nno nip 'yv 03010 ok .7 
ptok t>sP on>p 01 09KP mo nnpno Kin oko 
?tok msP on>p 09KP nno mmP Pip> PPp 1 Kin OKn 
toko 7 > 9 S 911 Po tjiv nPm n>ji>nr nsiKJiP omP Pip> pp no *t>k .8 
?<p>n iniK Py Py9>o Pm nip om>o n>ji>iitn nsiKim 
nno i>Py Pipon oioion OKn ,n>n>m jnmno 91AP i>k 11113 yjnn ok .9 

709 KP 

nno vpy Pipon 030100 oko ,n>n>m nsiKn 913P i>k pm win ok .10 

709 KP 

,iPo noon jptop jupito K>n iP>kp 91A jioo Pk on»nnP p>3 OKn .11 

?9i>n 'yv *tonnn 03010 oiom 00P 

'yv npnyn JiyniiP IP omP ,90 Py tok nip nPypn >7’ Py po OKn .12 
?n> 3 ot 11 noon vpto mo ji>pip>o nyonPi noon tpno 
?ji’PKp>o >9 jiPoioo pm n>oono jiPoioo po PTinn mo .12 
? 7 Pipn miKji jik mop >tp ji>Pkp>o >9 nPoiooi oononP po ts>p .13 
noiyn msP omo ,*ini> Pm Tonn 03010 o> o>Kon o> 9 uno >oP .14 
.np>nK 91A Ppp noon Jii9>9si ,nm oPip nooo pin ok .opptop 


o 

Tm muPiiun mom imp PPj mao 

18.34 IT'S 

pnp 1P0 pionm mso Ppp tjh> Pm ,010 Po to Jinn oioioOKh .15 

?yno ?inspp 

pmoo >0 J1P0100 KP ny’p Pyi nop nu>p Py nm 03010 P>y93 ok .16 

?yno ?tjii> nno PPU1011 
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snap aia>© an os> nyisn - a>as P© np>sao - 18 paa 


wawft mi>N\y 


’h non 

Ps> mnainon mmmps mooo onanion on>as o>au n©ip© *psaP .1 

.noo non mo 10 n> 

?A nnipsP on>a ,o>anno inn Pa P© noon tano mo .n 
naism >asN n>yp on>a ,o>anno *rnN Pa P© tonnn osoio mo .a 

?B (II) A (I) :nnipsa 


! 0.5m | 0.5m ; 

*- m - >*, 


©-©- 0 


2 kg 1kg 2 kg 


( 3 ) 


|0.4m ; 0.4m 

H ->K- 

A ! 

G—•- 



2 kg 2kg 


( 2 ) 

18.25 IT'S 


! 0.5 m | 

K-W 

A : 1 B 

•-© 

lkg 

( 1 ) 


(5 kg <in Pa noo) ,o>Nan o>anno mx Pa P© nonnn osoio mo 

?n-anoa naism nnP on>a .n 
. ?^nn na©P p>©oa naism P>apo nnP oma .a 



.2 




>- 


oma ,10 kg mooi 1.2 m ianiN© i'hn Pino P© tonnn osoio mo .3 
:A,b,c,d,e,f,g nvnpsno nnN Paa naism >psn n>yp 

A B C D E F G 

Ki mHi 18.37 TPS 


0 20 cm 40 cm 60cm 80cm 100cm 120cm 



nnrnN npo>*r P© nonnn osoio mo .4 
PaP oma ,o. 4 m nomm 8 kg nnoo© 
onaisn nponP o’nsNn onnno nnN 
?A,B,C imipsn *pn 


2 kg nnooi o. 4 m noma© nnmn npon P© n>os>pn nunsNn mo .5 
?npo>*rn ranoa am an© ,20 Hz P© nsnap manna nysn 
a noo iP© nnN aia>o P© )ori ,2 kg moo© nnn oio P© ianiN mo .6 
? 10 J N>n iP© n>os>pn mnsNn on ,o. 2 sec Nin iraaoa aaism nnP 
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yiap aia>o a>s oy nyun - a>sa Po npoan - 18 paa 


.mm 3 nomn o’Pyia l m laniNO Pmo Py .7 



?A naipiP on>a nia Pa P’yaoo ojoion mo k 
?a naipjp on>a Pipon ojoion mo .3 
?B naipiP on’i ma Pa P’yaoo djoiod mo .x 
?B naipiP on’i Pipon omion mo .a 
.ninia nomn o’Pyia l m lamao Pmo Py .8 



?A naipiP onn nia Pa P>yaoo oioion mo n 

?a naipjp on’a Pipon oioion mo .a -■*- 
?B naipiP on>a ma Pa P>yaoo oaoion mo .x 
?B rvnpjp on>a Pipon oioion mo .a 
na ,2 m naniNW narna mip Po oom napa a>anP *r>aao noon mo .9 
:aoKa ,o»Nan o>aaono anx Paa ,Ppoo now Po aao Py mooP 

.noo mon mipn .h 
. 5 kg am mipn noo .a 


2kg lkg 2kg 2kg 



0 3m 1 m 0.5m 1 m 0.5m 

(6) (5) (4) 


18.41 IVS 
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yiap aia>o an ov nyun - t>as ao npoao - 18 pan 


.ntiop niaipvo mo nmno ,l m naaiNo ntmN naip ay .10 
aaa ,iyoon naipi dk opoa o> ,anva noom naipia oma ,pm n 
:aoNa ,naipn hk pNa na o>Nan onpono anN 

.noo natm naipn (I) 

.4 kg mipn noo (II) 

aonpono anN Pan ,pwon naipi na>y<)Oo man mo .a 


1kg 

2 kg 

- 1kg 

2kg 2kg 

2 kg 

r ■ . 


-1 P- 

—J 


( 2 ) ( 1 ) 

18.42 TPS ’ 

,im laaiNo aiao ay ayi9 ion ao ma .11 
aaiyn ana aainon 2 kg mooi 
ao n>n'wn nsiNnn mo .lyyoNa 
ay 19 man on ,man nayon yAna aAaon 
:maipino nnN aaa 
C (III) B (II) A (I) 

lomao nPo aPA ay ay 19 2N ^ p>oo ma .12 
.iraaoa aaiyn ana anoo yua >o9in 
?a>aAn taaoa aaiyn ana oma ,man a>yoo\y oioion mo .n 

?a>a ah ao aonnn 01010 mo .a 
?aPAn >0 nm>mn naiNnn mo .a 
nm aPAn on .nyiiim namn anNa 2 sec nrnoitn niamon mo .a 

?nian naiy9 namn 09 a nniioa 

ao nm>m niamoa nnnoo nyoo ,4 kg nnooi 30 cm noinaw npon .13 
.nyiap nmoir nmNna naawoo N>n awNa ,10 sec 7111 10 Rad/sec 

?nponn ao nrnoirn nsiNnn mo .n 
? npo>an ay ayi 90 oioion mo .a 
?o>aia»o 5 nponn naainoo nyiiim namno 101 noa 7111 .a 
, aAaon naon ao aitnon yax mo .an ay nano 100 cm iaaiNo aAao .14 
.Kin aiaon a\y pPyn napm ann )>a pnaon on 
50cm (IV) 30cm (III) 10cm (II) 0 (I) 


•*-► (3) 

20 cm 

A B C 

.. ~ I; .Ef* .1 

<-X-► 

ir 25 cm 25 cm 

18.43 1V*S 

ION 

a>ain ,5 kg mooi 10 cm 


.non>pn nnao ay naipi ay nano 40 cm nomai 5 kg nnooo npon 

?nponn maun ao annon yox mo .n 
? anno pt miNa naaiino nnmv moonon naoioon "jaiN mo .a 

moio noPvo aaaio pioo ao aioia 
ao nooi 5 m ao iaiNa ono anN aao 
o>aia>o 200 aainoo aioian .250 kg 

.npaa 

on>a aioian ao aonnn 01010 mo .n 
? naaoa aia>o ana 
?n»aia>on movpn nuaiNn mo .a 


18.44 TPS 


miNa nai 

< 


.15 


.16 
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yiap aia>o vs oy nyuii - *r>9s «i« Po np>iso - 18 p*ia 


*a fun 

*ion oioa imwp ,lkg Po nwmi 2 kg Po miKn .mrniipi moo mo .17 
taaoP 3 >noo 5 Hz Po nmua naamoo naayon .lm 13 *iiko noo 

.naiyon Po noon 
TnDivon Po maia’on n’oi’pn n>niKn >no h 
? jnoono Jinx Pa Po mminn mvnon mo .3 
■* 5 R ► ?nioono Jinx Pa Po mupn jinmon mo .a 

m ojiooi R doimo o>kPo o»*ma oo .18 
,*T>nK oio >*t> Py ono>a omino 

, 5 R 13HH1 m /2 WlOOO 
oma naayon Po *rannn oioio mo 
7*113>nn OIO 13303 *13iyn V3P 
maanon mnan ma*iyon oiPoo unn Pa Po *ronnn oioio mo .19 
mvnpia *iaiyn ,<i*Tn *no>oP >aiK vsP oma ,(m) mm mooo 


B A 

®— 0 —©— 0—0 

d d d d 


(3) 

,2 m naniKi 100 kg nnooo n*T>nK nup >*r> py room 50 kg Po non .20 
rd’asono *rnK Pa >3>P .o>Kan onson noono *rnK Paa 
?n*npn UK pnnon Pana mnmon mo .k 
? n*npn Py vpn P>yaoo divai P*m) man mo .a 





-508- 







































viap aia>o no* oy nyun - t>i>s «iia *ro npoan - 18 pna 


Py -ynan Pan n» Py po>a nmopn moo >n\y P\y oohb noiPo *piaP 
d’nowon Pai .oPaPad 'yy p’Pno u>k omn .2 kg nnooo oPaPa 

.o’ppn 

:o>asono tnN Pa >aAP 
?moono Jinx Pa Po rmnon mo k 
? moon ok onoipn o>Pana mmnon mo .a 





jllll (2) 


18.48 IT'S 

.oinia nyaon o>Pyia l m miKo noo ion Paio Py 
asoa mmP PaioP oiia>o inK ma Po inPiya n*npn uiva ,iP*tu ino 

•*-o.sm-► f'yp'm >ivo 

f 15N 


18.49 IVS 


man mo .nmpi moa oaom 2 m naiiKi 20 kg nnoov nnmN nnp .23 
:o>Kan o’asono inK Paa ,na>on mipj Pa nP’yaoo 
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jh up aia’O od nywi - i>qd «jw 3o np>i3n - 18 p*to 



mpimn nvripj ’no3 morn ,1m n33ixi 50 kg nnooo m>nx mip .24 
mp3 o>o3 po nmx n’33>on noon mo .mipn 3o nmpn yo 20 cm 
?ji’3xoon poon rmpi3 DAon pio’o 093 mipn 3o oom 

mmooi ,imp3 o3n ,L dunk imx 3A30 .25 

30 x 3 ,i3o nwrnn mixnn >no .x 
ie xm *pxn w3 u>3 n>mn 
rmprn 3o n’p’oon mixnn mo .3 
?>p9ix 3303 3A3on 30 x 3 noi3’pn 
noi’ino npon3 miopn 2 kg 3o noo .26 
id imm nnooo rmnioo 20 cm 
.0.5sec *pn ,im 3o pmo ,nosn!7 
?noon mixn mo x 
fhoon ok pnnon oim ninmon >no .3 
?nponn noo mo .a 
, nponn 3o n'n>wn nnmon ’no .*r 
?Dp3p3 noon dv’aq DA33 
3D nponn nmnon oon’o noo .n 
?Dp3p3 noon hd’A9 

80 cm 1331X0 OIOO 33*00 n3oioo 11VW .27 
10V330 3113 inino imp3i 2 kg IJIOOI 

.20 cm 

p won rrono p3o nionno nnm3 .x 
noo mm3 m ’33 no poop mow 
mpo imn 3o mon 33o *t3 pvron 
?nnx noo *tikji oo mp3 mx 
nnmo moonon n3moon pix mo .3 
?3nno yox miKn nrnino 
2 m itmixi 10 kg nnooo mmx mip .28 
.mpmn 3x o>oin3 nn>3 003 miop 
x pmo3 5 kg 3o noo omoo mipn 3 d 

.oom mpn \o 
,o>omno mx 333 ninmon mo 
?x pnnon 3o n>3pii93 

.8 m nsniKi 60 kg nnooo mmx mip >3A 3 d di 40 kg mooo i3> .29 

,mi3pn ooo 3 m nipnnon nvripi >no 3 nnom mipn 
X3n mipno >330 do 3 *r3m 313’ 13 mipn oioo o’pmon oinn mo 
J ?3pOO ’ll’OO 

1 3D lDOl 50 kg I3p001 2 m 1331X0 0310 .30 

noDnni o3ion i>3 n’mno 73 ,p3n 3>p 
>ooon *ji3»nn oipo mo . 60° xm 
3poon >ivo 3DO nx no9Xon >3oo>on 

18.55 mu ?n * n 



18.53 mu 


18.54 mu 
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yiap aia’t? am ey ronm - a>as <fx 'ro npoan - 18 paa 


- ’> noa 

nspo ,nto nv 5cm av o>pnaoa o>am v> lm naiNv as aAnoa .31 

.aAaon taao naipi ayi aAaon 
,n’PKp>t7>a naoiooa ama naNn omnno anx aaa o’vonvo 
.na»n av o>anno navy av ptn jin iwono naoioo aaa onaioi 

.naaoa ny>3io nanon JiNmn 
ami noon taae fa pnaon fai (T) annon ]ot fa avpn mo .n 

?(s) aia>on 

:nnan naaon jin ,aiv>n >a> ay ,>/nPo .a 


s [m] 

s 2 [m 2 ] 

10-T [sec] 

T [sec] 

T 2 [sec 2 ] 

T 2 *s [sec 2 -m] 

0.50 


16.39 




0.45 


16.00 




0.40 


15.65 




0.35 


15.39 




0.30 


15.26 




0.25 


15.33 




0.20 


15.76 




0.15 


16.86 




0.10 


19.39 




0.05 


26.30 





*p ,<pA yooavi oojwo ov ’N-a jmn>av nnoon natya >/ana .a 

.av> ip n»n> <pAnv 

?nooavv <pAn >9 ay ,<iajn yi9>v mo .a 
?<vnn yi9»v *piio Nmoa poo ,»aNp>o>9n *yayn mo .n 
?noon imam >9 ay ,aaian jmiNn mo .1 
?anN anno Nai o>anno 10 oooa o>aaio yno .r 
jiaiNji jin o>avno uooi anN aao Nai o»aso a900 onaio yno .n 

?’N-a jmn> 9 V nnoim >9 ay aaian 
?nanon jiiNmn ay aAaon noo av ny9vnn >no .o 
20 kg av noo b aiaiai ,iocm av omai iokg av noo a aiaia 
naainoon nyma n> ay nta m- onaino o>aAain ov .20 cm omai 

.npann Naa oji’n an> 
n>nnn nyiNna ywa amno a aiai 
.2 Rad/sec 2 av nyiap 
?B a^ai av n»n>mn reman mo .n 
ninrnoa B aia* y>A> ]ot noa 7111 .a 
?50 Rad/sec av n>n>m 
naayon av n>onpn noajNn mo .a 
? nyon av 5 sec anNa 



® 18.56 tps ^ 


.32 
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viap an>« vs ov nvwn - 7>ss <in 7 o npnan - 18 pna 


ov*m nriNn ,jivtios mpon mo 7 n .33 
oima nooni ,2 kg 7o nooi 20 cm 7o 
mo onano ,ikg 7o nooi 10 cm 7o 
noo ornno n7mn nponn 7 n .moo 

.2 kg 7o 

mopn npbnh 7n nan7 o>o noon mo :k 
18.57 ivs ?7poo ’lima nmn nanvono na 

2 >9 n7m mainon noon on ,moono nnN 7a 7o nsiNiin mo .a 

?’N-a naomo noono 

2 >a mop mainon noon on ,moono nnN 7a 7o nsiNnn mo .x 

?’N 3 naoino noono 

?mponn 7o aiarnn n>s onpono *tnN 7aa 7>V9oo non mo .7 
100 kg wool 8 m oiino o7io 7v 0907 7>nno 70 kg wooo 07N .34 

.2 m Nin 7>pm o7ion >7*7 pa pmono 73 ,p7n <iipt n>p 7v ivom 
.0.1 Nin n9S>*im o7ion ya moon *jo>nn 07po 
7vo onNn 7o h nann 7o n’spioa ,n>pn 7>v90o non mo .n 

?Vp*ipn 

7vo 07Nn 'yv h noun 'yv n’spioa ,n9snn n7>v900 non mo .a 

?vp*ipn 

7mn> o7ioo >397 ,ni7v7 o-tnh 7o» >7omao h nan m>N7 .x 
A ?p’7nn7 

7V NSQJ lm 10V771 40 kg WOOO W3 .35 
iQw Jj| .20cm nnano mmo 7’7 ,np7n n9sn 

m7y7 nnaP onvo >7o>i>nn non mo 
:o>Nan oosono nnN 3 d a .mvron 7v 
.A nupo 7vi9i >p9iN non .n 
.*inan ono to 7vi9i >p9iN non .a 
.man tano to ,p9iNn 7vo 30° n>ma 7 vi9 non .x 
nrrani nsson ya on n-’N o>9>yo7 noionn mwoo im 7S>a .7 

?o.2 nm moon -pawn 07poi ,*tow nm 

0710 ONia ao>wo 40 kg wooo 77’ .36 

7a nooi ,2 m iwiy7so nnN 7a tuno 
7o nmjon n>m .20 kg mv7sno nnN 
n9sn 7v as>3 o7ion .30° N>n o7ion 
20 cm nana 7an n> 7v prmoi ,np7n 

.vpnpno 

18.59 ni7« ?o7ion 'yv v7s 7a 7v o>7vi9n ninon ono n 

?7ana nmwon mo .a 
?it 7v n m7’V90 o7ion niy7so non mo .x 
7vo >ai’on nann mo ,50 N Nin oinn 7o >7o>oaon pnnn on .7 

Tpitrnn jin nan7 yio o ypapn 
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yiap in>t> an* oy nyun - t»as *\ix aw np»ia» - 18 pna 



18.61 IT'S 


na>n ay ayi9 140 N aw >p9ix nia 
nnaui 50 cm nann ,25 kg nnonw 
QV >p91X novo ay nxamn l.lm 
.0.4 7ia>n mpn 
law namnn Pn’oann pmnn inn .x 
na>nnw Pan F nx a>y9na po 

?*T9nnn 

p»n ,nonn i-anna ay9in F ox .a 
?n9mn aw ^mun man ayi9 
20 kg aw non naya nn>nx nan 
nptmn 80 cm X 200 cm aw t>nn>ni 
25 cm aw o’prnna on»a nw mrya 
man inn .pnnnni p>ayn nupnn 
ay on’unn *mx aa a>yanw >p9ixn 

?na*rn 

pin nnx aa rnxw ,nim nia>n yanx 



.it >ai ay n nvrniy ,x xin 
mvayn na’nnw *p xi pmnn inn .x 
?n>nnnnw na>nn ayn ai 9 >n xa 
nnwn na>nnw 7a x 2 pmnn inn .a 
amnnnnw na>nn ayn ai 9 >n xa 


18.62 TPS 



18.63 "IT'S 


mwPwn na>nnw *p x 3 pmnn inn .x 
?n>nnnnw namn ayn ai9»n xa 
ay pwi 50 kg mom 5 m lamxw oaio 
.ypnpn \o 4 m nana ,pan >aix mp 
mipia oaion ay ay 19 >p9ix nia 
.mmn ayn l.8m nxamn 
rasnm oaion pa >ooon *jia>nn mpn 

.0.4 xin 


?*i>pn pi»aa yna a>njina oaioa ovu>w F Pnmnn man inn .x 
?oaion ay mpn a>y 9 nw man ,nyimn na>nn yma ,mn .a 
aia> 40cm ioi>*ni 10kg monw ana 





aan ny9wna n9ana >aix m ay yua 
naxax *jtt nwp aann ,i»ax inan 
nama 10 cm nomni 2 kg nnonw 
ay p>ann ia»x aann ,8 kg nnonw 
.Jiaxain ayi man 
?*man aw n>n>mn inaixn >nn .x 
TJiaiain aw n>n>mn nnmxn >nn .a 
?nonn naixn >nn .x 
?nonn nx fwinn aann mmnn >nn .a 
?man nx *ywinn aana mn>nnn >nn .n 


.37 


.38 


.39 


.40 
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viap oy win - t’os <iw w njrjao - is ?*» 


rc.M.= -0.5m (3) r c .M.=0 (2) r c .M.=0.5m (1) K .1 
I=2.25-m-kg 2 (3) I=0.64-m-kg 2 (2) I=0.25-m-kg 2 (1) (I) .a 
I = lm-kg 2 (3) I = 1.28-m*kg 2 (2) 1=0 (1) (II) 

1=0.5 kg-m 2 (3) I=0.625kg-m 2 (2) I=0.417kg-m 2 (1) .K .2 

1=0.225kg-m 2 (4) 

I=1.75kg-m 2 (3) I = 1.875kg-m 2 (2) I=1.667kg-m 2 (1) .a 

I=0.675kg*m 2 (4) 

lD=1.2kg"m 2 ;Ic=lE=l-6kg-m 2 ;lB=lF=2.8kg-m 2 ;l A =Io=4.8kg*m 2 .3 

I A =0.64kg-m 2 ; I B =0.96kg-m 2 ; I c = 1.92kg-m 2 .4 

E k =1263.3J .5 

L=0.14m .6 

t i=0 ; t 2 =5N-m ; T3=-4N *m ; 74=0 ; rs=-15N-m .K .7 

£t=- 14N-m .a 

Ti=-5N-m ; t 2 =0 ; T 3 = 6 N’m ; T 4=0 ; T 5 =- 7 . 5 N*m .X 

£t=- 6.5N-m ,*t 

t i=0 ; T 2 = 3 . 75 N-m ; T3=-3.46N-m ; t 4 =24.6 ; T5=-7.5N-m .X .8 

£t= 17.39N-m .a 

Ti=-3.54N-m ; t 2 =0 ; T 3 = 5 . 2 N*m ; T4=12.29N-m ; .X 
£r=10.2N-m .*t T 5 =- 3 . 75 N-m 
0(6) 0(5) 1.5kg (4) 2.5kg (3) 3kg (2) 2kg (1) .X .9 
11.67kg ( 6 ) 0(5) 1.5kg (4) 2.5kg (3) 4.25kg (2) 2kg (1) .a 

0.27m (3) 0.33m (2) 0.5m (1) (I) .X .10 
0.4m (3) 0.43m (2) 0.5m (1) (II) 

3kg (3) 3kg (2) 4kg (1) (I) .a 
7kg (3) 7kg (2) 8kg (1) (II) 
a=15 Rad/sec 2 (III) a=0 (II) a=30Rad/sec 2 (I) .11 

a=8Rad/sec 2 .X I=0.025kg-m 2 .a r=0.2N-m .X .12 

w=16 Rad/sec .7 

t=7.93sec .X r=0.18N-m .a a=lRad/sec 2 .X .13 
T=oo (IV) T= 1.576sec (III) T= 1.565sec (II) T=1.64sec (I) .14 

L=0.6m .a T=1.55sec .X .15 
E K =1.37-10 6 J .a 1=6250kg-m 2 .X .16 
vi=20.94m/sec; v 2 =10.47m/sec .X w=31.4Rad/sec .a Er=329J .X .17 

I=26.34-m-R 2 .18 

10-m-d 2 (3) 2- m-d 2 (2) 2-m-d 2 (1) (I) .19 

30-m-d 2 (3) 5/4-m-d 2 (2) 4-m-d 2 (1) (II) 
T=1,697N (3) T=1,643N (2) T=2,191N (1) .X .20 

T=1,697N (5) T=693N (4) 

N = 1,643N ; a=26.565° (2) N=2,020N ; a=14° (1) .a 
N=1,096N ; a=63.43° (4) N=2,245N ; a=40.89° (3) 

N=848.7N ; a=0° (5) 
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wap aianTVa ov nwi* - *f»ia W«p»j^ -18 pas 


T 2 =14.7N ; T 5 =12.25N .a a=2.45m/sec 2 .N (1) .21 

T 2 =14.7N ; Ti=12.25N .a a=2.45m/sec 2 .H (2) 

T 3 =11.76N ; Ti = 10.78N .a a=0.98m/sec 2 N (3) ■ ■£ 

,>pKm>n nspno 0.56m F=22.22N ; a = 50.48° .22 

N,=87.11N ; N r =108.89N (2) N,=98N ; N r =98N (1) .23 

N] = 106.575N ; N r =118.825N (4) Ni=94.84N ; N r =150.16N (3) 
N,=81.67N ; N r =163.33N (6) Ni=119.8N ; N r =86N (5) 

m=75kg .24 
a=1.5-g .a a=3 •g’sint#)/^-L .H .25 
w=20Rad/sec .1 m=0.9kg .A v=3.6m/sec .a a=8m/sec 2 .H .26 

0=0.796 .n 

L=0.99m .a m=15.95kg .27 
Tieft=g-(5+2.5-x) ; T right =g-(10-2.5-x) .28 

)11>a ^ 2.5m .29 

. '• (i= 0.29 .30 

s 2 'yv rpspiiaa T 2 ■ s .a T=2-WKL 2 /l2)+s 2 ]/g-s k .31 
DK’AVn fODpn .1 g’=9.79m/sec 2 .1 g .D m=4*Tr 2 /g ,*r 

nyavn )>n .o *inv a*i pin .n 
Ek= 7.5J .A t=50sec .a a=lRad/sec 2 .N .32 
a 2 =17.42m/sec 2 ’ as=8.71m/sec 2 .a m=4kg .K .33 
a 2 /e/£=8.71m/sec 2 ’ a 2 rtsh£ =4.355m/sec 2 .A 
T=30.49N (III) T=63.16N (II) T=58.8N (I) .T 
N y = 1.666N ; N x =12.54 + 177.16-h .a N = 126.54 + 177.16-h .N .34 

hmax = 1.75 m -A 

F min =236.9N .A F min =294N .a F min =130.67N .H .35 
hmax=0.917m .*T N=87.87N .A T=87.87N .a .36 
naaompnnx=0.22m .a h=0.438m .k .37 
N t =52.27N ; N 2 =-52.27N .38 

x 3 =x/6 .A x 2 =x/4 .a Xi=x/2 .H .39 

N=494.45N .a F mi „=690.45N .K .40 
a=60.3Rad/sec 2 .A a= 15.075 Rad/sec 2 .a a=6.03m/sec 2 .N .41 

T=24.12N .n T=30.15N .*t 




oy fliro* - *r»us «|W 'ro ftp* jna 


T 2 =14.7N ; T S =12.25N .3 a=2.45m/sec 2 H (1) .21 

T 2 =14.7N ; Ti=12.25N .3 a=2.45m/sec 2 .N (2) 
T 3 =11.76N ; Ti = 10.78N .3 a=0.98m/sec 2 .N (3) 

rrapno 0.56m F=22.22N ; a=50.48° .22 

N,=87.11N ; N r =108.89N (2) N,=98N ; N r =98N (1) .23 

N]=106.575N ; N r =118.825N (4) Ni=94.84N ; N r =150.16N (3) 
Ni=81.67N ; N r =163.33N (6) Ni=119.8N ; N r =86N (5) 

m=75kg .24 
a=1.5-g .1 a=3*g’Sin(0)/2*L .K .25 
w=20Rad/sec .3 m=0.9kg .X v=3.6m/sec .3 a=8m/sec 2 .K .26 

0= 0.796 .n 

L=0.99m .3 m=15.95kg .H .27 
Tiert=g-(5+2.5-x) ; T r i g ht=g• (10-2.5-x) .28 

11V3 2.5 m .29 

- - n=0.29 .30 

s 2 'xv D>Sp3133T 2 'S .X T=2 -ir-Vl (L 2 /12)+s 2 ]/g-s .K .31 
nKnwn wopn .r g’=9.79m/sec 2 .1 g .n m=4--K 2 /g .3 

nyavn \>h .d *ini> 33 pin .n 
Ek=7.5J .X t=50sec .3 a=l Rad/sec 2 .H .32 
a 2 =17.42m/sec 2 ’ a8=8.71m/sec 2 .3 m=4kg .H .33 
a 2 /*>/£= 8.71 m/sec 2 ’ a 2r , 9 h £ =4.355m/sec 2 .X 
T=30.49N (III) T=63.16N (II) T=58.8N (I) .*f 
N y = 1,666N ; N x =12.54+177.16-h .3 N=126.54+177.16-h N .34 

Iw=l-75m •X 

F min =236.9N .X F min =294N .3 F min =130.67N .K .35 

h m ax=0.917m .3 N=87.87N .X T=87.87N .3 .36 

n33ompnox=0.22m .3 h=0.438m h .37 
Ni=52.27N ; N 2 =-52.27N .38 

x 3 = x /6 .X x 2 =x/4 .3 Xj=x/2 .H .39 
N=494.45N .3 F min =690.45 N H .40 
a=60.3Rad/sec 2 .X a= 15.075 Rad/sec 2 .3 a=6.03m/sec 2 N .41 

T=24.12N .fl T=30.15N .3 




yiap n 7 aia>o *»s ov nyun - t>as 7v npoao - 19 pno 


19 pa 

mp Hb iito Tit oy nyiin - ras «ii> np*»» 

*mo 19.1 

>7ya o>aainoon o>aixn 7a vn ,n>aia>o nyiw inNW avNa ,o*npn paaa 
jin 3>ni3 ntn paaa .nyiwn iTnoa nwvn n7v ,nmm yiap m’o an* 
.anaoa o>oapno an’on nyun na *Tinv o>aix 7y ox aaan aiN’nn 


bnbi 19.2 


oapno 7x7xn taao .niyiw >nv ysao noiaon 7x7x ,nyou noiao avNa 
a>aoo nminoo ,<)Oin ,rmipin 7 nv i7>ni ,n7>xa npnyn nyuna nonp 
wav 7y naipi nyiw uni 7x7xn taao nyun an avsa aNro on .taao7 

:nNan nxionn dn 7ap3 


rainn *7M miji] niran 


n T77n nirnn 



.nxrnn nnun mum aaaxn naui au mnpj au»a ,aar ipa m 7a7*i did :19.l avs 

,yxon rrnpi 7v np7nn ox naira n77ia 7ix7x 7v anva n>77an nyonn 
7ix7xn aiNwa 020033 mnoa anv roaioo it nyonv iivao .ypapa on>a 

.np7nn N77 

p>ao .nyiap nn^noa >paiN novo 7y np7nn n 77 yin 7x7x 7y Tamo 
*p itaaoa N3oi 7x7xn Tv noon taaov ana ,anoo>o naa Nin 7x7xv 
vc.m. noon taao nyiw nw aia>on ao» 7v pnynn nyunv 
pma mwn pnao 7x7xn oapno *rnN aia’o *r7noa ,np7nn v**v pvao 
,anN aia>o 7v pta nnv nt yop aayo7 nyunn pt .2-it-R :7x7xn <p>n7 

.T-a ,7’xaa ,win poiv 



.inn aaun np’n am pmn aaaan mpnn -mu lii’o am inn :19.2 aiai 
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yiap kP aia>o vs by nyun - t>as «pA Po np>aao - 19 pna 

T :Kin yatm ,2 -tt-r :Kin pnynn ,v c .m. nn>noa N’T! nywnno pi>ao 

-.Kin aopn 

(19.1) 

n>n>mn nronon pm noon taao jinmo pa *i\ypn ok jiindd it nnoo 

.npPnn kPP PiaPa nyuna 

.aia>o nyiini npnyn nyun Po aiP’o K>n PiaPap nyunw o*rip naa iaiok 
a vs) noon ono ma>no K>no v c . M . ma>noa niyi PaPap nnipin Pa 
PaPap amp a>aoo w n>n>m nia>noa nnainoo nnipin 7011 a i ,(’K19.3 
.(’A19.3 ai>y) npnym aia>o Po naPwo nyun K>n nKyinni (’ai9.3 avy) 

V=Vc.M. V=Vc.M. V=Vc.M. + Vc.M.=2-V C .M. 

v=0 

o 


V—Vc.M. V —— Vc.M. V = -Vc.M. + Vc.M. = 0 

'N '1 '3 

( n) noun mu imaana pian 7a npnun Pto ('a) aiP’iua PiaPa mnjn :19.3 Pi's 

.(’a) noun raanP a’aon aia’m 

Pa JiKsoj namaa nyAiin nnipin .naiv/n pko nnaiy 19.3 nvso jukpP )n>i 
nmpi kPk ,PAPAa nyiap nmpi pi>k itn nnipin) .oaK jna>noa )otn 
*foona naion n>nn n nnaiy .(aainoo PAPAn >a ,va*ii yin Paa ninoon 
*pa>nn t-k nyuna pi>k vaop nmpi oko pi>ao ,*ria>nn ma mpan aiK>nP 
K»n nnuoa VAon nmpio nnaiyn) .>ooo 7ia>n kip naann pai ni>a 

.(nppnn kPP Kin piaPapo nnaiyn Po na>o> pkuw 

ok VAon nmpiP a>aoo aia>o Po oaon nmpio oa nyunn hk pkjiP )n>i 
19.4 avs .npnyn Po pPn kPP ,*raPa aia>o K>n nyunn nt aiK>na .no^nn 

:nt aiK>n pkpo 


nvpnnn jin ti’Nan o’S'nn upapn du nann impjp anon aia^oa PiPaPa : 19.4 ana 

.mn’ion nmpaa ipnamn 
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yi up Hb aia»o ns oy nyon - *r>fis «iia Po npoDo - 19 p*ia 


PuPm nyiina *pD>nn i>pan 19.2.1 

VKv iivdo pooon iiD’nn vPy Pyi9 nP nyinp nmnoD ya PAPAn “iokd 
ID niD PAPAn Py Pyi9 *iwkd ,Pdk .ypnpn >39 Py p’PnnP PaPaP n>oa 
P\y n’mmn nmnon da nanwo n’mipyoi ,nanoo noon 0*10 nmnoo 
mNvo yAon rmpav pt Pd .*riD>n niD Pyi9 ,noon tdioP on’D PAPAn 
ji>on> nmno v>v yADDi pooo *riD>n Kin *jiD>nn yp*ipp on>D n>yA*i nniaon 
,>o3’p *pD>n nvnP pin *pD>nn yp*ipn yAon imp! i>i 
,('K19.5 dvv) iivKnn nnpoD :onpo 00 nvnP o’Pid’ >p9iK div’od 
n>oa msia nr nnpoo PmP PAPAn bv jornmn nmnoP o*iia >aiu>n oaoio 
oa ‘jiD’nn niD ‘taajio *p n> Py .it nppnn yaio *jiD>nn niDi npPnnP 

.nwmn nmnon nPtAnP 
nmnon jik P’taoi noon td*io Py Pyi9 niDn ,(’119.5 nvv) oon mpoo 
mm»P louyi oha npPnnn ok yaion TiD’nn .noon tddo Po nnipn 

.DID’On 

F 



.('!) ipipiit nmnn -isr:3 in ('n) ipiptit nmnn itfrran n'mD imnn :19.5 nT*s 

Po Ppoon ,(19.6 nvu) >3iu>n niD kPP y9ioo dio’od noya PiAPAn *iokd 
pi’DQ ,Pdk .Dii>on *i>yp on>i oaoio *iuv kP PAPAn mon Pyi9n PAPAn 
niD ,PAPAn npPnnP did mg-sin(a) :y9ioon ~iw»on pirn mg Po D’Dino 
nuP on»D 03010 o> *jiD>nn niDPo ^ivdo .npPnnn jik yiioP >*td Pyi9 *yiD’n 

.PAPAn did>oP on a Kin DID’On 



.* 2 pumn n*?ma nnn*? np'mn jin uj in '•nuon imnn tra :19.6 tph 
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yiap kV an>t> vs oy nywn - *r*«r*n> ‘jv tp >»» - 19 p*» 


M worn* t»>AO JtaaHO KVt JlfttOO:’K flOAU 
fib ,m-.ssi *pyoi wxn .R »m 
k» iwbAfitcn !7b*n taaoa F >patK 

.npPnn 
?t>bAn nymn mo .k 
?P bAnbybyian iiD’nn nmno .a 


Km X m tnntan Pipw iwowo 


ot> to omjoion Pipv hkiwo 

:«m 5*?m 

St = I*ar : -'.;:' ; 

R-fs = I-ot 


flirra xmtwoa ana 


(MMn cima n»bi> to»k nKsinn) 


,h many yawo aw>n wia rmo R twin m wtoov im 
.-' .a wt>mv yawa two *ntoa npPnn kW t>b>AJioi 

?*tmn ftyiKn mo .k 
z' \ ?*inan Py t>yian -pamn nta mo .a 
\Xk n»v ihkP *man nnmo mo x 
awnan nmnna h nau 
r ?yat won 


a nmvr 


19.8 TPH 





















































yiop Hb oio>o -i>* ey nyiin - *r>as *in bv np’ian - 19 poa 



: on iran bn o>t>ynan nimon : ivma 

Kb ppoom ipxnon non 
*inon bn 0301x3 oipiyao 
mipio ooiyn moO omo 
onbiya ipo iivoo ,ro*ion 
,nran 13*1x3 *p*r -any 
mo h> bn pi oni 3 oio’on 
Iiooo 03x31x3!? o*mn *po>nn 

' . ^OO g! 


:ini3 yaiobn *no>X3n 1 * 11 x 3 in>oo ,110113 3o >ion pino ovo>o 

SFx = m-a 
mg-sin(a) - f s = m-a 




10*103 oio>on *i>s> omo ,o»o3X3iX3n Oipo nx 110 x 30 oixi’o 


St = I-a 
R-fs = I-a 


:ini3 ,*inon 


■ 








#0p31 I = |-m-R 2 ; a - | :0>S3 


■ 




R-fs = j*m*R 2 *g =s> fs = j=-*m-a 




Sfe 


mg-sin(a) - |-m-a = m-a 
5 


:jiinion Oipo nxnox 30 om 


■ 




;x*n miHiin x 




:xin *rio’nn mo .0 


fs = |-m-a = !-m-|-g-sin(a) = ^-mg-sin(o) 


nsixno nyiinn > 3 wi 3 nx 010*13 nimnxin ox xiyx3> no .* 


V()=0 ; x<)=0 ; x=h/sin(a) ; a=^-g-sin(«) 


:nyiop 


v 2 = v 0 + 2-a- (x - xq) 


:nnoi 3 o oono 3 


v = V ° 2 + - °) = Vr 8 ^ w 

«::& 111. ' 


■ii 
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ynp n'y aia>o oy nyiMi - *t>o* bo np’iaa - 19 pno 



Kin v-im mao :v-v pnoo by tonrn : ’» naivr 
,niopn nponn .Jinown niKpon >no 
,r=lcm oi>*ni K>n oinn <pib» n>by 
Kin bmn bibin ov*n .m=lOgr nnooi 
.M= 40 gr inoni R= 3 cm 
.(fi'it i>-i»n bo oinn miy) 

?bAbin nymn mo . k 
? oin*i ninmon mo .a 


on i> im by oibyian mnian 


:Kin Y vm niman bipo 

SF Y = m-a 

(m+M) -g - T = (m+M)*a 

Kin i>-im bo jioipn nyiKim )ii>a) 

(npo 


(m+M) *g naiyn nmb onm ,o>oioion bipo 

St = l*a :Kin JiiKponn taioa 

19.10 IT’S -r i 

r-T m I-a 

.niponn >no lanoa *i>sb on>n >ban *rojinn oioio Kin I noKb 

(liyon in>3 tii Km an>on iivd) 


n>iipn nyiKim iik n'tt’mn nyiKnn oipon nm 


(m+M) *g - I 


(m+M)-a 


ninian hk iiooo Sm 


~ g V+ l/(m+M) -r 2 :a nN TmJ N 

Kin niponn mo bo ^Jiiooninob onm ,*roJinn djoio 


1 + I/(m+M) • r* 
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yiap xa am no oy nyoa - *r»ay «jn ao np>lao - 19 pna 


ivan’o fivuin jv»d rm 3 N 7 i»>p 19.3 


nn’oi noon ono 'to npayn nyua n» ay mxino non 711 nyiino 11100 
naamo 71m ao a>o 3 pn nomxn ,noon onoa woo -nann <inn 7 a 'jo 
ranoa nooo n>an>o n>o 3 ’p nonsxi noon tana 'jo na>n rpoip nmixo 


1 2 1 

Ek = 2 >m ‘Vc.M. + 2 ’^c.m.' w 2 


.noon 


:19.1 nxiiooa namo nopn o»p .npann xaa awain ya noun 71m nt/xa 

V C.M. - W-R 

:nxan nnoa aaama nao> n>aaan a>03>pn nnnsxno 7a 


E k = • m ’w 2 • R 2 + i-I c .M.-w 2 = i-(m-R 2 + I c .m.)*w 2 


E k = i-(m-R 2 + I c .M.)-w 2 


(19.2) 


noun oaoio aya noy 711 'jo noaan a>o 3 >pn n’voxn ax mxno n nnou 

.npann h'j'j 'jk'jx 'jo aoia’o nyuna van I 

aanyon ay o>ayo xa noxao yaip ,nr nnpoa ,n> 3 aon nonaxn novy pin 
n>vi 3 xn 'jo 70 (o» 3 iy>n o>o 30 io o>ayo xa oi pai) 0 ” 3 o>n nino 
ix nnao a>axo 3 oo n>m 3 xa 7iana nao> nonaxn .yiap nxv /3 aoaon 
.yiap aoaon n>vi 3 xn to 70 an»oo 7m a>ooax a>axo 3 oo nonixa 
nmay n> ay n’oya xa ,>000 7ia>n no ayia npann xaa anano 11100 
ainoa o»pno aoaon n>vi 3 xn mo>o pirn (7*17 7 mxa ayia xa non) 

.aanyon ay > 3 iy>n 70>n no naiya 


nyoria jioaon n»n3xn non? pm mtya o’b’inn )nna jmnpy 

Jl’211’0 

nino i>xo xtnai , aanyon ay o>ayian ainian aa ax nxna o> .1 
.aanyon ao aoaon nnnixn »u>oa o>onun o»»ns>n 
piio nvya onoov oion ayon moi >aannnn ason mo nmna o> .2 

,n>aaan aoaon nnnixn 

:nannnn ampia nnnixn ao anon aa av no>vn 7nya o> .3 
Ek 2, Ug 2 , Uei 2 :ovon anipiai E K 1 , U G 1 , U e) , 
xoaa noax pan ax oxno aiyo> i>n> avnixn aa xa )np>ya 
m oaxa ano am*oxn p pan .pav nnoon a-irya pa nanana 
n»n3x oiv nnaoi xao pnaa >*ra p>ya aion pix 
aoaion awaixn aa axi aaaia avaanann aonixn aa ax aana o> .4 
a>aannnn a>3aon n>iaixn ao *rnxn :o>>io»a >30 aapa >ta aaaia 
,on>3>a anonai ,a>aion a>ia»n n>mxn ao >3om 
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snap k* aia>© am oy nyiifi - a»ra «|u 'jv np>sa» - 19 p- 



np>nn nW d’>»ajio npom *im 
.H inauiu yawo *iw»a moa 
nppnn nn’noi wan nn>no >nn 
?yaw«n *iw»an nmnn> oynna 


h awn 


wti wton n’saon n*viSKn m ,nasa m Efr ,msvs 
.(2 aan) yawon *iw>on n>jinnai (l ayo) yawon aw>on 
iwaian nPK’asoian n»i*UKn awm> ©m>n niv>>o tin anas 

.yaivon *iw>Dn n>nnna 
:K>n yawon nut»on poa n>»an n>sa»n n>voKn 
Ei = Ek i + Uo i = 0 + m-g-H 

:K>n yaiwnn nw>on n>nnm n>»an n>iann nminn 


Kin n>^an n’saon n>msKn )i>iw 


>apsi nn>n»n jik uni 


Kin nanoa aia>© nnfr on>a ana Wit *rannn osoio 


>apsi inb 


Kin iraioa aia»p w> on»a npon >v tonnn osoio 


n *mn nnwa >apsi a>us 


ftiwnyps>aw *p ,oi’Tini noon pyooan o»io»ano *tnK aaa 
.(10/7 >4/3) nni> n>m wan nivnov yiapai summon pa 
PP p>n >a *ijii> n>i*n ninmon *ra *wi> pp nojinn osoio© >aa 
ab a *K> .n*aia>t> r»os>p n>nsK K>n nmspn nmiKn p nni> 
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yiap Kb aia>© nn oy nyno - to* «i« bv np>ia» - 19 pna 



•piaon ©mb miop m=2kg bv noo 
noimi ,M= l kg noooo npon by 
.nnnoo ononioo noon .20 cm 
p>ano nb noo noon oyoo noon 
.oaiain >ai by oinn 
?i m n-n>o ookp noon itrvno >no 


a nwn 


yiap Km o>nin>© nyuoa yin *|iin bv ain>on on ,nt nopoa 
n*an>o n!?ia K»n owi’pn nuninno *p 
+npon) oaoyon to bv ,n>at>an ooaon nuoiKn ok nnoi 
nao) nyiio bv lm onKai (1 nao) nynon oa>no yma (noo 


onaian o^Knioion nnoiKn niorna omm oio>o ok onni 
.nyuon oP’no ooipio noo l m OKaoin noipin 
onKnioian nuoiKn po K>n l aaon onton ooaon nuoiKn 

.noon bit onaian 

Ej = E«, j + Uq i= 0 + m*g-h 

noon bv onw’pn nnoiKn K>n 2 naon o>PPan ooaon nuoiKn 

mamin bv o>ain>on 0>03>pn n>viiKm 


Kin n>aaan ooaon n>A03Kn }i>n© 


Kin .ntaoon ain>o o>aa on>a .nponn bv ooonn oioio 


oiornon yo nop o> .nponn na p>Pno «>K annno pi>ao 
Ofipia ox Pann bv onipn momon K>no) m noon bv o’lipn 
v = U'R :nponn bv o>o>ntn momon i>ni (nponn yion 


nnniKn nio>v oKiioon iian>po owio’an oo ok n>ai 


Pnpii on>non ok rmi 
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yiap «p aia>o v* Wliyiin - *iia Po np’iao - 19 paai 



noo ion Dina mwp 4 kg Po noo 
.50N/m Po 'fap yiap oy yz pP 
nnooo nPAPA oy yAoa ksoa Pann 
nyunn iPnoa .npo>*r nirmi 2 kg 
.nPAPAn >oa Py Pann p>Pno kP 
•wka nnuoo noon jin onanoo 

.>nn ^»apn 
?1 m anKP noon nvnno »no 


•> nmrr 


yAaa {^>ap+nPAPA+noo) nPPian noaon rwiwn hk nnoi 
.(2 aao) nyunn Pd anna naiow ntipini (l aao) aianon 
n’PKnooian noaiKn n’AaiKn Po oin>n mo*o ok anai 
.nyunn Pd anna naioin naipia nnaian 
:K>n l aaoa n’PPan noaon n’AaiKn 
Ei - Ek l + Uq i + U e i i = 0 + m-g-x + 0 

:K>n2 asoa n’PPan noaon noaiKn 


fin noon nywn nfnnoP niio nn>noa ya nPAPAn nspo jinao 
v = wR :aopn o»pno 

:K>n 2 anoa n>PPan noaiKn ,ppi 


Kin maaoa aia’o a»aP on’a .nponn Pd tonnn oioio 


Kin n»PPan noaon noaiKn )i>no 


x = l m ; m=4 kg : M=2kg ; k=50 N/m 


:on oowin 
Papii v nK aaiai 
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ynp nP ain’t? n»s oy nyun - *r>as «pA Pw npuaa - 19 pna 


♦ipm V3fi Jrmn 19.5 

»n»m awio w’ mpn yinP oa .nm’m np’npo IP nn-TAinw nip awio Pa ion 
mpn ymn niyowoP non >n*wn ymn niyowo .’nnir yin Nnpin P’npo 
.mpn ymn mo’v pinP nNPo nPnpnn ,>n>wn yioP mo’w pin oa o”pi 


>np yin oy v nimnon yin m wt?ow p’pPn Pw >n>mn ymn nn*nnn P’nni 

:’N19.15 nmn -in mow >33 ,mv 



.p-ypn Puj ’nmni mn.n iman : n 19.15 nvs 


.no’ioo nmpiP on’p -nAio onnN o>nn o”nmv o’awio ion ,’nmr yin 

.0 nmpiP n>on> N’n nntAnn uPw 

p nspn pnnon Ninw r x pnnon mpn ymn nPano Nin >n>mn yinn 

.<pAn Pw nyunn pin ipP ntipin 
:N’n nn-nnnw *p ,L niNn ioit?o >n>m yin 


L = mvTi 


(19.5) 


.v nimnon yin m int?ov p’pPn Pw >n>mn yinn n*iNno it nnou 


7inn nN <pPm r m’ONn pnnon utooki ’nmvn ymn nN NonP omn on 
r x = r-sin(0) > :no’na nyunn ip Pn n*ripin p 

A e 

,- ' A ► mopn pm pn nmrn N’n e n’mn nvmn 
.v nm’non mopn pmi ? pnynn 

0. 

:Nin mnipi p’pPn Pw m’mn ymp no’nn ,ir mm 


'119.15 TPS 


L = mv T-sin( 0 ) 


(19.6) 


ipn nyunn .PAyoa yuP ,pion ,-pnu nP Nin >nmr yin p’pPnP nww na 
,Pw nyunn ip pn ’Po’i’on pnnon »n yiap <pA Pw >n>mn ymn nNwi nw’ 
.yinp Nin ,(r x ) m»mn ymn nnoi n’PN n’on’w nnipini 


:pi m.k.s. nn’n’n no’wn ,»n»m yin rtoi inn nn’n’n 
IL! = [mHvHrl=kg-^-m = a^ = 1 a-g 2 ; se ‘ ; =!a^. S ec=J.s e c 

sec sec cpr-J 


sec^ 


sec^ 
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yiap xP itt>c am oy nyiin - *t’ds Pv np’iao - 19 pna 


<pan Py PanonP pioa po .*pa^ Po wwn ymn n*mnP way main 

^-. >n>m yin ono *rnx PaPv o’p’pPn Pv <pix Pya *r>ayn 

/^jlBpi'slJvX C|U - 1 ’P’P^ n nvimon pi>a 

|!||l^p*f f ) ,^nn Po 3ii»on app naan *pixo a>asn 

/ ^ V pin Pv >n>mn ymn nx arma ok pPi 

ViL^'V pa n>n> Kb .aia’on app on>a 

_ " iosy pnaon paP r x anvn aapn pnaon 

t’ds *iu aui 'iPiiin iunn :19.16 Hi’s 1 


onP\y n>n>mn niamon kid anx a>aa <pi op’aaon o’p’pPnn PaP <pivon 
v = wr :n>n>iiui marnon nx nmpn niamon oipoa ,pp ,3P3 .w 


:nxan mm (L’) o>p>pPnno anx Pa Pv ’n>mn ymn nx owai 

: fflVTi = mvr = m-(wr)-r = wmr 2 

:kid (L) a>ann <pin Po ’PPan >n>mn ymn 

SL’ = £(wmr 2 ) = u-E(mr 2 ) 


po pp .aia’on app on>a ,<|un P\y aonnn ©joio Kin S(mr 2 ) ,Pax 

:nKan mm a>aa <p> Pv >nnitn ymn nx amaP 


>iipn yinn naamP poiPnP nP’apo a>aa <p> Pv >n>mn ymn Pv n main 
nPapm m noom I aonnn tooio pa nPapn no”p\u pvao ,>naip3 <pi Po 

.v nmpn nn>non pai w n>n>mn niamon pa 


nyi R ntnnai M nnoov npon 
app a»aoo nyiap n>n>m niamon 
.nponn taaoo R/4 pmoa xnoin 
t?n>a nponn Po m>mn ymn mo 
?aia»onapp 


nniit 


>a Py ,aia>t>n app on>n nponn Po aonnn oioio nx xaoi 

:P>apon apn oaoo 

I = Ic.M. + ms 2 

:xm maaon nin>o app on>a npon Po aonnn oioio 


xm aonnn oioio 


Kin >nmm yinn 
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yiap kP aia>o vs oy nynn - “pm Po np»ia» - 19 pna 


♦im <ipn» 19.6 

’noitn ysnn oa *mo3 ,nyiap n*iKoi *t’ds <)iA Po nmnitn mvnono pat Pa 
Py >iiy>n oinDD nPyan n» Py noyi n>n>mn mvnon ni>o .yiap <pAn Po 

•lot *piKP <)iAn 

t = I - a :n>n>nt nsiKn nnsu <pA Py oioio Pyia noKa 

Aw 

a = :n>d (nysioon) n>nnitn nywnn httah 


T Aw 

t = i *a t 


:Papi ,a>si ok 


t • At = I - Aw 


:At-a nKiioon Po a>aAKn >io hk P>aai 


oipoa ainaP po ,aia>on *yPnoa ninoo ii>k ^ia Po *ronnn 030100 imao 

: nKiioon Po i>o> *ts 

I-Aw = I • (u? 2 - wj) = I-w 2 - I-wi = L 2 - Li = AL 


:Pyia Kino pta oioion nPaaoP nno (AL) >n>ntn yinn ni>o ,ikdoi 


r-At = AL 


(19.8) 


oipn <pn>oP nPnpna) >nnit <ipn»o Kipi Pyia Kino iota oioion nPaao 

(F• At :Pyia Kino iota man nPaao Kino 



:ia ana’n nKiioon oioion jik 19.6 nKiiooo taiai ok 


yinn >u>oa <iiAn Py Pyian oioion Py PanonP poo o>kvi iiniKo *ra 

. 1 P 0 >nmtn 


»nnit van 19.7 

Po >PPan >nnitn yinn *ikoi <iiAn Py Pipo ois>n 03010 Pyia kP lao aaoa 
ois>nn oioion ok ,o>aiA nnn ik o’oo nPPian naayoa oa .yiap <inn 
.nanyon Po >nnitn yinn mno’ kP ,oaKP nno nanyon Py Pyian 

:>n>ntn yinn mo>o pin Knpi nt pnp’y 

nno nanyo Py Pyian (t EX t) o»>ns»nn a>oioinn Pipo nona 
.yiap nanyon Po >n>iitn yinn ,oaKP 

t EX t=0 => L = yiap 
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yiap nb in>t> i>n ay nyun - *| 1 a bo npoao - 19 pia 


by nr o>b>y 90 ono o’oioioni niman ,yioa o>Na o’*t’ 9 ^ o><m >30 io*o 
o>on”r>o n>bNo roiyon on ,o»o >39 o>o 3 oioi niniaa non>nb o>bia> m 
naiyo bo bbian >n>iitn yjnn ,pb ,1003 nt mpoa .cponn >30 nn nbbia 

.o>9nn >30 

oy man o> 9 ii >30 naiyo bo >n>iit ym no>o bo im>a >bban mpoa 
n>n>iit nn>noi l 2 10310 too 10 oy 00m ,u>i n>n>nt nnmoi I t *mnn 03010 
.moA 3 nnn inNb n 3 io n>n>m nn>no o> 9 uno mu bab n>nn ,u 2 

:Nin >n>ntn y 3 nn *iio>o pin 


1 1 • CO 1 + I 2 * W 2 — I,. Ul ’ + 


(19.9) 


.ono>a yion > 39 b o> 9 iin bo m>n>mn ni>n>non yn w 2 -i wi lotta 
.ono’n yion nnx o’ 9 wn bo ni>n>mn nvwnon \n w 2 ’-i wi’ 


»n»iitn VMin -ma>\y pin mtya o>b>nji )nna nunpy 

Hbo mpoa pi naiyon by a»3in>n a>03oio o>byi9 own iinab o> .1 
inio o>9nn i>a yaon pta naiyon by a>>3in>n anooio o»byi9 

,’n>iitn yinn no>o pina oononb 

003010 biyflb a>bia> I’lnxi i»39b >a yaon abo jin pma ninth o> .2 

,a>> 3 in>n 

>30 bo lonnn >03010 itto> n>bN on>ao nupin nx iinab o> .3 

.a>Qian 

,>ai>n aia>o p>aa a»ioo aia>o in>a iinab o> .4 

ba bbia ,yaon >im« anoni yaon >39b anon n« 01010 a i«nb o> .5 

(livai bin) m>n>ntn ni>ii>non 

on 3 b *pin yn .ni>ai>na nnnas myii> Nbn m>n>mn ni>ii>non ba .6 
nNiioon innoa nn> >n>o«n p>an ,>io9N in>a 


n>n>m nii’noa nysniIj lonn 03010 nbya naan ,nipon >no :’k noaii 
,w 2 n>n>m nn>noa ny3ni i 2 *ronn 03010 
.03010 p>by b>yao 13’ao >3in>n ma n> by p> 3 >a yaob maaio 
?mponn bo n 9 nioon n>nmtn nn>non >no 



Ii I 2 

19.18 n’S 
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snap kP aia>o nm oy nyon - n»9a Po npoao - 19 pna 



^Hppp^p«l^|ippif ok 

py it niponn niP’yao ,p>)>D yioP 
Po n>n>ntn ninmoP onnn 03010 it 
nrvnop *rv nunonP po nnK Pd 
. n 9 nioe n> 9 io 
Py >)is>n o)oio ow Py 9 kPo iivdo 
>PPdh >n>ntn ymn noo) nanyon 

•W 


Li = I| •«*»!+I 2 *W2 IS :K1f1 OAaon >)QP >Jl’11tn V 3 nn 

wikd K’n niponn >no Po n>n>iitn nnmono pi»DO nin>n o>) 

(l^pn 

l 2 = (i, + i 2 ) -w :kim nioAinnn nnN mmtn ymn 

Li = L 2 .Kin wntn ymn pno 


K>n namoon nmnitn nvnnon 


pa n’ooPon nmmnn jik moto niponn mo yy it moAmn 
nym nnK noo PPd nanyon Po >iipn ymn nnnKPo ,o>qia 00 
PPid nioAmnn nnKP m>ntn ymn pa .u nannoo nnmoa 
.w namoo nwnoa yin nnK nonn oioio 



Skg-m 2 Kin 1P0 nonnn oioioo qtk 
DD inoon ’P>yo nooo Py noiy 
moioo m> iokd ,nyiDp nimnoD 
nnio lm n> Pd *idik) omiP 
DUp .6 kg Po nPipoo n> Pddi (DID’On 
PDD tnK DIDIO Kin 0*tKn Po DID'On 
po *p vn> nK nmo onKn .4 sec 
anmn n>so pnnon) 101AP imms 

.(0.2 m 

?ODKn Po nonnn nmnitn nnmon >no 


a nom 


fmnnn'iunin njupn HI Du irimin nrrnan nDian : 19.20 irs 


otKn Py cppyaio kP ,naDnni nooon pa *ria>n vko n») ok 
ii)’o .yiDp *iKO>nP D»>n 1P0 >n>ntn ymno *p o’oism nmiD 
.nwmn nimnon >u>oP ,pP o*ia ir P l r o nonnn 0)010 
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ynp h 1 ? aii’o oy nyon - 'thjji <in *?v npoan - 19 p*ia 


Ii .wr=W'... ^ ttfifi »n’iim 

oloioi o*rxn 'tv *ronnn oioio Po aiP»o xm -tonnn oioio 

.ni’nnpi niPipoo ’no 'tv tonnn 
Ii = Io + 2-(mr 2 ) = 5 + 2-6-1 2 = 17kg-m 2 
Ii’ = I 0 + 2-(mr’ 2 ) = 5 + 2-6-0.2 2 = 5.48-m 2 i 


IjJ - 


2'% 

T 

2 "nr 


jd« wpn 


Rad ’ 

m - = 1/57 — :H>n im>non 


:*ipi ^>mn yytih-W^ 


, t ^ Ir^i _ 17'1.57 _ A ' 7 Rad 

Wj- t —>— — ————— — 4.5/ — 

Ii 5.48 sec 


2 • 7T 2 -7T . 

T = —r = t-ss = 1.29sec 
wi 4.87 





,1.29 sec Paa *mx aia>o i>oay aainoo oaxn 


,oa n’oyi *tonnn oioio mopn >*t> Py nwwn nnmon nPtan §i§ 
oipoa o’aainoo on *ioxa ,n*ip Py o’p’Pno n» Py ,PooP ^ 
.onPo n>n>mn niamon nPtan Tin <iiaP o>n>n nx on’oaoi -|I§§:’ 



<a noan 

nxsoi R=5m noimi M=100kg 
Yi m=40kg mooo *rP> .nnuoa 
nnssoa nan-moP p’oon ip *pixP 
nnmoa n’Py 'taipi n’lismn 

.v=2 m/sec : V: 

*rP>n >u #nnirn nii’non >no x 
?n*m*moni 

ox nnnnnon niamo n>nn no .a 
?manoP *nay> tP’n 
C'mipia *tP’P on”nnP o’) 


ppm )>a n’ooPo nioainn) nu-nx mo’o )’xo nnoP 
oioio Pyi9 xP >a ,’nou-n ymn mo’o pm o”pno (n*m*moni 

.naiyon Py ’iiam 


:)vwa 


'tv >n>mn ymn pi xin ’n’mn ymn ,*rPm n*’9p ’iaP ,x 
|pl!l!||!l (»>n»m yin P’aoa n’Payo nynn -pay h ' t ) aPm 
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ynp ttb aia>o vs oy nyiM» - *r>sy «p> bv np>»» - 19 pna 


SSiph pmon ,p>oo iii>:» mnwn by >(aip *rt»rw jivao 
:mmnt?n oi>*nl 7 mw aia>on tvioi ran ip yy inpa 
Lj = m*v-R 


npon bv ‘ronnh woio Kin montion bv lOJinn 01010 
:Kin PPan *ronnn vooio ptn .rn-non aia»o ioP onn 

I = i-M-R 2 + m-R 2 

ymn ,n>aion n»n»mn nnivno!? ny’io rnmnonv inKP 

:K1D >I1>11W1 


L 2 = I-w = (mR 2 + J-M-R 2 ) • w 


•Kin >n>mn ymn no>o 


m 

lip 


•vR = (mR 2 


+ i-M-R 2 )-w 


; w - 


m*vR 


(mR 2 + | - M-R 2 ) R • (1 + 2 ^J 




s 'Ifw] 


0.18 


Rad 


lain tto aojinn ololo .nnnnnon tyWb y»io tMn iwa .y 
bv -rojinn oioio pi Kin PPan *ronnn oioioo *p ,oaKt» 

.nponn 

1 1 *Pi = :Hin >n>mn ymn *iio>o 
















viap nV aia’a vs oy avian - fas <)« av np’iao - 19 paa 



wlw Wtf pinn ’31 m 
tav naa aaia nanon ipn ,naan ’aaia 
j P 3 onw ornav ’as ay taiv vnvn 

.o’livo’ama 
’n’inn yann nio’vo n nKsm ’/nam 

.aaian av 


: "rmm 



'319.22 TPS 


A A = *-r-h 


■r 'ivAt-sin(fl)] 


AA 1 . 

-^ t = 2 -r-v-sm(0) 



’Juki pinn :'N19.22 ms 
.T?ap 3 uj 


Si ntipan aaian oapno m pta .At lap pt yap aK an»w 
vovni aaian im aanon ipn >*r> av naiann navm ,S 2 rnipaa 

.AA Kin 


:pnno 


.av’ ipa nniK anpa pta *tk» map K’n SjS 2 nvpnv pi’ao 

SiS 2 = v • At :pai nviap niamoa aaian ya m yapa 

h = V - At • sin (6) :K1fl PfAv (h) pK flia 

•Kin asiav vaivon nav 


.Kin pin navn na’v 


.’n’inn vann awma nvay naya 
aanon ipn p’aa pma Kin aaian av avian man pi’av p’ao 
iav ’n’inn yann pai aaoio aaian av avis Ka ,v»vn ov wik 

.aov>na a»n 

L = m-vrjL = m-vr-sin(9) : Kin’n’inn yjnn 

f aiapnn pva n’inn K’n ’n’inn vann nruna 0 n’inn) 
(ansa nanaav n>mn loa pma ,9 aiapnn yma pai 


:aapai ’n’inn vann av na’an p navn na’va ’ia’an nK nnva 


.yiap Km pta navn na’v oa ,yiap >n’mn vannv pi’ao 









ynp k* ano am oy nynn - *r»02» an Vt> npoaa - 19 pao 


(n^na) na»p19.8 

.pon wwa ptn aa aKwi onaw an?on a?aw oon nynna npoy na ay 
no anon a?yw no mn >n?wn ,nynnn *ranoa y3 an?on am ok oa 

,?nannnn anon n?aa a?apo 
naaioo nynn K>n nynnn *janoa nmwo onto an?on a?aw o’an nynn 
mtmaa) na?pi nKapin nynn K?m paw noiwan an pa aKm .ano 
an?o amt? a>at?o nynp n»aAyo nynna yi iotiy anon a?y naw (n?aAiKa 

.>n»oa 

.aiporv’An to inyiin K?n na?pi nynna anna naion noAian 
irwpa iywm ,(Z) ano amt? aainon (G) ynp t7At?AO aaaio aipoia?’An 

.(Z’) ynp >aiK a?y ay 
asoa ynpn aAaAn nK n?n okw pioa 
p?ao ,t?n> Kin an?o oiw Kt?t 7 ?paiK 
ynpn a»yn t 7 yo ipk it?w aann taaow 
it? oan m a*aa on?a t 7 yaion 01010m Z’ 

.t 7 ia?t? 

o?inn awKa nwnano ni»iyon nyainn 
Kt7 m napoa .w n?n?m ma?no G 3 a3a 3 
awKa painona *t?woo Kt?K aAaAn aan 
ioyya ynt7 a?nno (z) it?w an?on a?y 
Z' ynpn a>ut? on?a 
Z a?an aw n?n»mn ma?non nK poi 
w n»n?m nia?no .n -a Z’ a?ya on»a 
.na?pm to n?n?ntn ma?non nKapi 
K»ni naw n?iipn nt?apnn jik ann ,na?pm nyam nwnano aa?a i?aiw ?iat? 
t?yia .anK aant? a?aoo n?t7Ayo nynna yin aana aat?i .n>t>Ayon nyunn 
niaoon p?a hk mwo pa nianw p?ao t?aii ii?k Kin t?aK nn aann ay 
Kin nniioa Kin awKa aann t?y ayia n?n man ok ,(>npn ymn p?a ik) 
iik mwo pa Kim ,nia>no aaa w> n auoa ayia Kin toK ,int??ait? oan n?n 

.nin»a 

no oioion OKI ,iapwo t?t?Aa oioio t?At?An t?y t?yia .non anon na?pia 
nynn w> n aaoa ayia oioion aaK .miK t 7 ?ao n?n Kin nmioa ^n t?y t 7 yia 
.?n?mn ymn p>a nK mwo pa 01010m yin w> ii>?n ,n?n?m 

jik Ji?ooiio mama nwp >Ji»mn yuit? p?a naaino nyioi nniKw poo 

.na?pm nia»aji anon 

1 ?a nawpon nnon aapi mooi ,Ji?t?Ayo nynna ?naipi <p nynn ay tonoi 

:<inn aw >n?mn ymn i?ai n>n»nrn ma?non 
.n?aAyon nynnn p yia?a pa wonwi 
a = v 2 /R :n?aoa>aomn naiKnn mini n?aAyo nynna 

ma?nonw p?ao ,n>n»mn nia’noa n?npn ma?noa o»»io»an anK nK «i?ani 
v=nR :aapi n K?n <pn aa aw n?n?mn 
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ynp nP aia>t7 *10 ay nyun - to* «p> Po npoao - 19 pna 


a=v-^ = fi-R-^ = fi-v 



a-m-R 
~ v -m -R 


L = m • v -R 
t = r -SF = r-m-a 


:P3p11 

:1K3Q 

:m ■ R nPaaop maoni mion jik P>aai 


:>jmpin ^un Po 'iumn yinn Kin noon Po noon 
:<iun Py pyian oioion Kin mion 


O = £ :pPi 

Po >n>mn yinno Paav na>pm Po nmnn-n nrwioP >ioon p o>ki*i uniK 

.*inv mop n>n»mn nn>non *p *im> Pm ^un 
,aipon>’An nmm ioa w n>n>m nmnoa lauya inn *r>a* <in Po nnpoa 
L = I*w yinP >io>an jik aonP po 

:PnpPi 



(19.10) 


yiap a*pa aauioo 40 cm lomni 600 gr moov o»iaiK PiPi 
poi *ion .irpnoa *iaiyn >paiK *io aoo ,nm>3 o>aia>o 10 Pw 
.yiap oik *ioi ,PiP>n tanoo 30 cm pnnoa wopa 
?yiapn >3iKn *ioP a»aoo PiPin 'm nwiitn nrwion >no 


:noin 


m=0.6kg ; R=0.4m ; r=0.3m ; f=10Hz :on OOimn 

:Kin PiPin Piy *ronnn oioio 

I = j-m-R 2 = |-0.6-0.4 2 = 0.048 kg-m 2 


WUSmmmmsmm. 

w = 2 -7T * f = 2-71-10 = 62.83 


:K>n PxPin Po mosynnwni-n nimnon 
Rad . 


sec 


If';: Kin >aiKn non Po aia>on noP ono PiPin Poaoo oioion 
r = r-mg= 0.3-0.6-9.8 = 1.764m-N 

:K>n na»pm Po nonii-n mi’non 

_ t _ 1.764 _ n coc Rad 

■ ~ I-w ■ 0.048-62.83 “ u ‘ 303 sec 


:ii*ina 


:"«* W*?:* 
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ynp Kb vs oy nyun - *r>9s «^n 'jv np>ja» - 19 pia 


jvaii’o nyum limp nyun va nbapnn 19.9 

oDto n»n»m nyoji o»*iKJion o»PNp’t»9n o>:nyn Pd jin invnv 
niKiwon dni ,pP\y nvn»mn niPnpani o>npn o>:nyn P 3 jin nPnca 

.pp\y uvn>mn mP’npom nvnpn 


>llp 7*iV 

>n>m tw 

X 

8 

V 

w 

a 

a 

m 

i 

F 

T 

P 

L 


n>iip nKiiuoD 

n>n>m nniwo 

v = vo + a*t 

w = wo + a-t 

x = x 0 + -^2 - 1 

0 = 00 + w ° 2 + w -t 

x = x 0 + v 0 *t + j-a-t 2 

Q = Bq + wo • t + ^ - a • t 2 

v 2 = v§ + 2-a-(x - xo) 

w 2 = w8 + 2 *a* (0 - 0o) 

EF = m-a 

St = I*o 

E k = i-m-v 2 

E K = i-I-u> 2 

*0 

II 

3 

< 

L = I-w 

<\< 

ii 

<k 

It 

t- 
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ynp aia>o nnt t>y nynn - *pos <in Po npoao - 19 paa 


mbuv 

,03010 ,’n’iit yin : o’Kan o’PTAno inn PaP nmpn nPopon ’no .1 

.pnyn ,n’n’m naiKn 
?npPnn kPP PiaPa mo .2 
?npPnn kPP PuPAa *ria’n Pyia OKn .3 
?npPnn kpp PnPAa -pamn nia n» Py man nyuano oko .4 
.npPnn kPP yaioo iw’o amoa niPAPAno nmaro nPm Pna ana .5 
?yowon aio’on n’nnna anv nPm nvvno n>nn p’noo ’OP .k 

?omaan oma moo oko .a 

,nnr nano , npPnn KPP .nmioo niPAPAno mm niKPo man ’no .6 
.yia’on mma Kin on’i’o paanno ,o’j)9Wo omo’o no amoa 
?yaioon nio’on n’nnna mann ’no Po niamoa Paan o’ OKn .k 
aio’on mnnnP ay nvann mo Po nyunn iota Paan o’ OKn .a 

ayaioon 

onanioo omio .nm ©vaai nm noo kPo maaPi nrnaa na’PpP .7 
.npPnn KPP noo o’PAPAnoi yaioo mo’o wik OKao 
ayaioon aio»on n’nnna omaan ’io Po niamoa Paan ©’ OKn k 
aio’on nmnnP ay omaan oo Po nyunn iota Paan o’ oKn .a 

ayaioon 

nm m’m yin nm> nm nip yin ’Pya o’p’pPn uoPo nimP Pia’ OKn .8 

anaipin nniKa oi’Ko niaoP 

oy nmoo a©’ pa nyiap niamoa yin <jn Po mono yinn OKn .9 

aptn 

Pa naana onn ,oan Kin O’p’pPn <piK Po >PPan mown yinn ok .10 

?nnnoa o’p’ppnn 

pyia kPo p’onP p»i oko ,yiap nm a»aa <in Po >n>mn yinn ok .li 

auiam nia vPy 

aKO’ iPo >n>mn yinn oko ,’iium nia ow a’as <pa Py Pyia kP ok .12 

?yiap naana 

.nPyo >aPa niPyP Pmnoi 1 P 1 P 00 n>nnnP yno ,noo ’aPa yi v-i> .13 
aPiPoon n’nnna ninon v-im Po aia’tm yno OKn 
ok a^aKa yion oaP aainonP nnn oioo ’PaPaP oiaAP iian> o’ oko .14 

aanva naion niamon mo ,p 

m’mn yinn nPamP naana noan Po nmnn niamo nPain OKn .15 

aiPo 

a^’KnP o»iaiKP oann »unmn man mo .16 
aonPo o»oa>pn o’oPan nK pa o’P’yao ok o”iaiKP niapp Pia’ no .17 

?omoia no o’ aoaip’PnP yiao .18 
aio’o Py npPnn kPP naiKna yn>o ia ,amK P’Pa ^’KnP p’i OKn .19 
?ann Po aaian raaoa Pyia ^’Kon man ok ,’paiK 
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map xP awn» am ov nvian - 3 >as 71 a Po npoao - 19 pna 


Di»aw»n nibN\y 

’n non 

nnmo ,’paix iw>d Pv npPnn xPP PaPaud 80 cm lomno nm .1 

.4 m/sec xm nrtpn Py> noon mo 
?*man Po no'mii imnmo >no x 
?vpnp3 nron Po vaon nnipa Po mvann mnpn mamon >no .3 
aoip Po pnao3 nxsoan nnipa Po mvann mnpn mamon >no .a 

?vaon rmpao 

:mx 3 n manvono nnx P3 Po >n>mn vann mo .2 
Po mmm mamon van lm roimi 2 kg mooo 3>nx ira .x 
(313’On 3>UP on>3) .10303 n>*P 3000 4 Rad/sec 
omin’o 4 P\y nvpn nvan l m nomni l kg nnooo namx npon .3 
(nimon no»P omn) .maim n>vP nooo noon 
73 113303 3>3P 3>30Q Van 5 kg lOOOl 2 m 13*11X0 3>nX OIO .A 
(3i3’on n>up on>3) .4 m/sec x>n oion nnp Po mnpn ninmono 
10 m/sec Po mamon naian no> ip3 nvan 40 gr Po mnaipa noo .3 
(noon p nnnto lOm-i niiau 10m nxaioan mipaP on>3) 
pp *rP’ noiv n>Pvi 100kg-m 2 nPo nonnn oaoioo nnnnno .n 
.mp3 >no P33 nnx 3i3>o nnninoo nananon .30 kg inooo 
(aia>on n>vp on>3 3301 >n>mn vann .mnipan *rP>P onmnP o>) 

.3i3>on a>so 3 m xsoa 3Pm (I) 

.nananon oaon xvoa aPm (II) 

5 Hz Po 33p3 van 2 kg/m 3 IHIQ’OUI 2 m 100330 3>nX 3133 .1 

.(313*00 3’Sp On>3) 10303 3>3P 3>300 
o>p»pPnno nnx P3 Po ,on’un moxnP on>n pmmn vann mo .3 

:2 kg Po noo >PV3 0 P 13 ,o>X3n 



ipn Pv Y pi’33 x-Y nio’on 5 m/sec mamon va 4 kg mooo p>ppn .4 

.X=4m 

?moxnP omn <pAn Po wwn vann mo .x 
?nviann ovpp omn moxnP omn ,oaoion mo .3 
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yiap Kb aia>© a»s oy nyun - a>fl* <pi bo np»ia» - 19 paa 


.3 m loinao biyoa 5 m/sec bo niamoa nyi 4 kg bo noo .5 
?aia>on taaob on»a noon bo >n>mn yinn mo .x 
?aia>on raaob on>a noon bo aonnn oioio mo .a 
?aia>on anb on>a ,nywnn abnon byian oioion mo .x 
niamoa >paix aio>o by bibmo 80 cm lomai 5 kg mooo b>bi .6 
.2 m/sec ibo noon oao mamooa .npbnn xbb nyiap 
?ibo n>oi>pn miaixn >no .x 
?nma>o n>iaix xm ibo n>onpn nuaixn )o nnx nr>x .a 
bo nmnn niamoa naainoo lm nomai 4kg nnooo npon .7 

7 in ,o.2m nomai 2 kg nnooo noo npon oy yioa nxai 5Rad/sec 
.<pnooa niponn myi yion anxb .oioio am> xbo nia nbyan 
omsono anx baa yion anxb nanioon n>n»mn niamon mo .x 

:noon nponn bo o»nbnnnn 
.nniioa noon nponn (I) 
nnr pnaa 2 Rad/sec bo n>n>m niamoa nyi noon nponn (II) 

.nnoxan nponn bo aia>on pi>ab 
■pan iiioa 3 Rad/sec bo nmoir niamoa nyi noon nponn (III) 

.niioxan nponn aia>on pvab 

?o»nbnnnn oanono anx baa ,yion *jbnoa naax nuaix noa .a 
in> aia>p n> byi nomoo nwm niamoa aawoo nap by iapa .8 
nmoirn niamon bairn noa >a .4 >a ibo aonnn oioio ox i>opo 

?ibo 

*pa nmop l kg bo nmr moo oibo .9 
aamoo oion .3 m laaixo amx oio 
19.25 tps ,4 Rad/sec bo nyiap n>n>m niamoa 

.no n l m bo o’pnaoa moon aoxa 
aon oion ox aia»on anb on>a naayon bo aonnn oioio mo .x 

?noo 

oion noo ox aia>on a>sb on>a ,naayon bo aonnn oioio mo .a 

?lkg xm 

?o>apono anx baa naayon bo >n>mn yinn mo .x 
10 m nomai 100 kg nnooo n>piy npon by xuoi 30 kg inooo ab> .10 
.pyon pi>ab -pan pvaa mpa 5 ba anx aia>o bo yiap aupa nym 
anx baa , nponn bo aia’on anb on>a ,’bban >n>mn yinn mo 
:(>naipia abm bx on»nnb o>) o>xan onpono 
.aia>on ano 5 m pnaoa nponb n>on> nnuoa abm .x 
.aia>on ano 5 m pnaoa yixb mom nnuoa abm .a 
,nponn <pm *jaixb ,yixb mom 4 m/sec niamoa yi abm .x 

.pyon praa 

nponn <pm aaixb ,npo>ab n>on> 4 m/sec niamoa ^a ab>n .a 

.pyon pvab lion pvaa 
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ynp xb mmo t»y oy nyiin - mas on bo npono - 19 pto 


.3 m lointo bAyon 5 m/sec bo nnmon nyi 4 kg bo noo .5 

?mmon otob omn noon bo >n»mn ymn mo .x 
?mmon mob omn noon bo tonnn oioio mo .n 
tmmon tnb omn ,nyunn ibnon byian oioion mo .a 
nnmon >p9ix tio>o by bAbAno 80 cm nnmi 5 kg mooo b>bA .6 
.2 m/sec ibo noon into mtmoon ,npbnn xbb nyinp 
?ibo moi’pn mAtixn mo x 
?mmmo nutix xm ibo moi>pn mAtixn ya tmx nt’x .n 
bo n'n>m nitrnon nnmnoo lm nomti 4kg nnooo npon .7 

*ym ,0.2m nomti 2 kg nnooo noo npon oy yAon nxm 5 Rad/sec 
.<imoon mponn myi yAon tnxb .ojoio tm> xbo no nbynn 
o>m»ono tnx boo yAon nnxb nsmioon mmmn nitrnon mo .x 

moon nponn bo o’mbnnnn 
.nnoon noon nponn (I) 
nm pmn 2 Rad/sec bo mmm nitrnon nyi noon nponn (II) 

.nnoxtn nponn bo nimon pmb 
lion pmn 3Rad/sec bo mmm nnmon nyi noon nponn (III) 

.nnoxtn nponn nimon pmb 

?o»nbnnnn onyono *tnx bnn ,yAon *jbnon ntnx nomx non .n 
in» mmp n> byi nomoo n>n>m nnmon nmnoo nip by yrpn .8 
mmmn nnmon btA>n non >9 .4 >9 ibo tonnn woio nx popo 

?ibo 

Tit nmop l kg bo nmr moo oibo .9 
nmnoo oion .3 m inuxo tmx oio 
,4 Rad/sec bo nymp mmm nnmon 
.no n lm bo o’pnton moon toxn 
ton oion ox nimon tmb omn nntyon bo tonnn onoio mo .x 

?noo 

oion noo ox nimon tnb on>n ,nntyon bo tonnn oioio mo .n 

?l kg xm 

?o>tpono tnx bnn nntyon bo >mmn yinn mo .a 
10 m nomm 100 kg nnooo mpiy npon by xsoj 30 kg mooo tb> .10 
.pyon pmb ti9n pmn nipt 5 bn tnx nm>o bo yinp nypn nym 
tnx bnn ,nponn bo nimon tnb on>n ,’bbnn »mmn ymn mo 
:(’ntipm tbm bx ommnb o>) o>xnn onpono 
.nimon tno 5 m pnton nponb mom nnuon tbm .x 
.nimon tno 5 m pnton yixb mom nnoon tbm .n 
,nponn <)pm *pixb ,pxb n>on> 4 m/sec nnmon yi tbm .a 

.pyon pmn 

nponn <ipm *ftixb ,nponb mom 4 m/sec nnmon >p tbm .t 

.pyon pi>nb *ji9n pmn 


c p >- e —©—© 

19.25 TPS 







yiap xp aia>© a»s ay nyua - *r»as «in Pw npoao - 19 pao 


’a non 

»n>mn yjan nvw xPP 20 >a aaian n9iao aaia Pw inmaoan *[Pnoa .11 
?iPw awnnn anmon mop noa >9 .woo >o>w xPPi iPw 
nnattw aPxPi *raa ammo woo wo ora o>i^o nwiPw * 100 ^ .12 

Py pv700 ii’x Pann ,o.5m noinni lkg aPiPin aoo .npon 
Pa .nnooo aaayon ok onsono *rnK Paa onanwo .aPiPin 

mmzzm .O’pPn owowon 


(3) 3kg 


2 kg) (2) 

19.26 TPS 

aaayonw anxP aaayon Pw anmon ax noaix »Pip>wo >/xuo .x 

.1 m Pw pmo nyj 

?i m aaayon ayoa *yPnoa aPiPin nawy o>aia>o noa .a 

400 m/sec lanmoi 10 gr laoow ana .13 
naooi 20 cm nomaw npon *pa aaiy 
Pw anmoa own nano xmn 2 kg 
aaiy y>Ppn Pw nyoan ip .200 m/sec 
.nponn raaoo 15 cm pnaoa 

19.27 IT'S 

?nponn Pw a>9ion a»a»wn aiawon wo .x 
?nmiana naax noaix noa .a 
xPo P’Pi Py o>oyo aaoo -paa Pan .14 
.4 kg wool lm loinaw amxi 
.nniioo P>Pw ax onanwo 
?P>Pin Pw a>a>wn nmxan >no .x 
?P>Pin Pw noon taao Pw a>npn nmxan wo .a 
19.28 irs ?Pana ninwon wo .x 

:im aa>w anxP P>Pin Pw noon vaao nn>no ax yxuo .a 

•ion nmxa >Pip>wo (I) 

.noaix >Pip>wo (II) 

.h mam a innitw y 9 iwo aiw>o wxao npPnn xPP PiPiao ana .15 

?anan Pw noon vaao amxa >no .x 
?m xm anan noo ox ,aiaan Py Pyi9n -pawn nia mo .a 
?npPnn xPP PuPiP >aw 9 xn >Poo>on moon -pawn oapo mo .x 
?y9iwon aiw>on awnaa anan ammo mo .a 
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ytap k* awo a >2 oy nyun - to* bw np»ia» - 19 paa 


71 am Kbb aamoon novo by aoiy 8 kg-m 2 ibw tonnn oioiow oaK .16 
nowon bw aonnn 01010 .np*ra o>aia>o 10 bw aspa >aiK vs by 
5 kg bpvoa non ba ,mbipwo >nw m>a pnno o*tKn .2kg*m 2 Kin 
(.nimaipia niawm nibipwon) ,im Kin aia>on a>so pnaoi 
?nowon bv aia>on a>sb on>a ,naayon bw wmn yinn mo .k 
pnaob iKim mbipwonw anKb naayon bw nm>mn niamon >no .a 

?a>sn p 0.5 m 

?>a «)>yoa axinon pnaon m>vb nwmn miayn moa >no .x 

10 gr bv noo nbya mop npon .17 
pnaoa 5 Hz bw manna naainoo 
K>n awKa ,aia>on taaoo 20 cm 
am *jaa aaiyn pa omb naaino 
noo »ato omn jik o’awio .pbiwa 
.5 cm bv pnao 
?nwann aia>on mann mo .k 
?nponn bw moipn nnaiKa m>vn mo .a 
Kino nnma ,noo >9ba iwion man mo .x 

?yiap 

100 gr wool 20 cm lomaw o>bpn .18 
.npaa o>aia>o 33 bw aspa aawoo 
on nbyobo many’ bail o’bpnn by 
.o’bpjib paaii 5gr moow pp pao 
H 9 mwon nwirni niamon mo 
naipi ok ,paon wnbi o’bpnb 

:K>n nb>9m 
.o’bpnn bv oismn nspa .k 
,aia>on a>so 10 cm pnaoa .a 
.iosy aia>on ana .a 
aso 5 kg mooi 2 m laaiKw ^y oio .19 
aia»o anb aamo Kinwa n’aiK 
woov y’bp oion *rwb om> .mspa 
y>bpn .400 m/sec bw mamoa lOgr 
.oion nap byo 10 cm oioa ypm 
U.... J 1 ° cm a»o oion bw mmnvn mamon mo .k 

?y>bpn nooa anKb 

19.31 ars ?oion y>A> n>bK mbo’oaon mum mo .a 

.nniioa Ksom 400 gr woow o’bpn bw mspa ksoi 2 gr woow pan .20 
by naipib no pt anKb ynoi o’bpnn now by nabb bmno pann 

.ks> moo o’bpnn 
?o>bpnn aainonw mum >no .k 
,0.01 Rad/sec by nyiap Km pann bw mmnm ininmow nm ok .a 
?o>bpnn by ibw Ksion rnnpib nam y>v pr noa *pn 




E> 
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5 i 3 p HP 111*0 n*u oy nyun - r>a*w *ro npoao - 19 p 3 a 


»PAyo novo 13300 2 m ph 3 oa moiy 30 kg nnooo mop mP* .21 
.100 kg -m 2 kid 11330a 313*0 a’yp onn 1P0 *mnnn oioioo 
7ian yn *33 .'pKP n*on* 2 m/sec ma’noa yoP nP’nno niP’n .i 

•liyon in» 3 P 

nP*nnn n 7 P*no anKP ,’PAyon nooon Po n*n*inn ma*non *no 

:n>n nooon Po mPnnnn mo ok .naPP 

.nnuo (I) 

.yawn pvaP -pan )iim np*ra 0*313*0 6 Po aypa m>o (11) 

. liyon 111*33 npia 0*313*0 6 Po aspa aia*o (ill) 
n*ji*mn nia*non >no .00 nayyn nooon 1330 in>oP nyi m^n .3 
?o**nPnnnn o*ayon noiPoo *mK P33 , nooon Po 
ni noiyp ni o*yi 70 kg ono iok Pd nooo nap Py o*p>Pno 00 .22 

on* 3 *a pnaono o*P*apo o*iipa ypapp n*on* 2 m/sec Po nia*non 
TiiK 3 noo ion >paiK 010 Po mspa 17*3 pnno o*p*Pnon mu .2 m 
.o*oAai on aoK 3 0101 oain oon p»Pnon .2 m 
?oion no*an anKP n*n*wn nn*non »no .k 
>no ,nio ni lm pnaoa ono ay 0103 0*3010 o*p*Pnon ok .3 

?noann n>n*wn nia»non 
?’3 anoP ’K auoo aayoP nomn naiayn *no .a 

*r*nK P*Pa Py o*oya aaoo 7133 P33 .23 

*T*n mop P 3 nn .M wool R ioi*aao 
P»PAn .m nooP ii 3 *n naon jiPaPa 
. npPnn kPP PaPajio 
?m noon nyiKii *no .k 
?M noon Po mn’inn roiyiKii *no .3 
lm lomu 10 kg inoo anKn ,o»P*Pa *30 .24 

o*Kyo 3 0.8m ioi*m 5 kg moo ooni 
yi 73 an P*PAn iok 3 mo m no pnaoa 
o*aapo .8 Rad/sec Po nw*m ma’noa 
.yAO on> 3*3 ayiio ay *3on P»PAn jik i*Pk 
P pn P*PAn P*nno o*P*PAn 1*3 7 i 3 *nn 3 py 
nppnnn npoai o**ioo 3P03 .yoP 
,m*nK n*n*in nia*noa o*yi o*P*PAni 
?n nia*no >no .k 
?oinP naan n*A“ 0 K noo .3 
M inooi R ioi* 73 o o»Ppn nyp 3 nnoo 3 ksoa m mono pan .25 
.o’Ppnn rano )ii* 3 P yop P*nno p 3 nn ,w 0 Jiw’in mamoa aamoon 
p 3 nn Po r pn 3 on Po n*yp 3 iaa o*Ppnn Po n*n*inn jna»non *no ,k 

?o’Ppnn 13300 

pn 3 on Po n*yp 3 iaa .wioapnna p 3 nn y*pono naiayn moa *no .3 

?o»PpJin 13300 r 1P0 



19.33 TPS 
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Tap ** awo vs tsv nyw* - iw «p» bo np»ia» - 19 pno 



tnpm 

Miuwn 


19.34 IT’S 



ysa> 

OKn 


’A fl»*l 

OOOOI 10 cm QDimV Omi O’b’bA ’AO .26 
<l 9 ibon noo non om n» by onamo 2 kg 
.o>ai<m ooii’aa onoo by nm o>oy 9 
itt'D mb ,*riam Kbb ,nop ton b’bA 
naua nnuoo nnwn >ion b’bAni ,yiap 
vinnoo nb’9in *jooa .jnnnn b’bAb nnr 
.npbnn Kbb o’b’bAn ooo omn 
?b 9 iin b’bAn bo nmpn insiKO mo .k 
? yiapn b’bAn bo n’n»mn inmKO mo .a 
?o’b’bAD ’io jin noipn oina mnmon mo .a 
200 gr wool lcm lovmo *rmK im .27 
biboo nwnn byo 30 cm bo naua mrnoo 
*man ,10 cm noinao n’bAyo nKbib iai 
obo aon? ynaoi npbnn Kbb bAbAoo 

.nKbiba 

nnmn ntipia imti nnmo mo k 
10 cm/ ?nKbiba *wva 

by DKbibn nb’yaoo man mo .a 
19.35 nvs ?ii- nnipia man 

l»*ry Kinoi “man jik *nnob pio woo ’boomn nann mo .a 

?nKbibn *rwa obo aia’o 

,noo rmiKi omn urn* oy b’bAn iron ok ow’bno ok ,*t 

?’A-a jiksoo nawa pnm’ 

10001 8 cm lomno b’bA by <pibo p*r om .28 
.30° w’mo yaioo nio>o by ksow 10 kg 
nnooo nnw nmop omn bo ’ion nspn 
obAbA by npbnn Kbb nniy omn .2 kg 
Kbb bwbA K>n b’bAn nyim .1kg noooo 

.npbnn 

?nawn bo nmKon mo .k 
? b’bAn bo o’o’mn nywon mo .a 
?b>bAn by byian iiarnn ma mo .a 
K bb bAbAoo m 10001 r ioi’*no nua .29 
nooo by B n*npib A ntipio npbnn 
omna >bAyo pbn iai M=5m mooo 
nooo by 71 am Kbb yiib biam R=i0-r mn 

,’p91K 

onooi o”bKp’o>9 o’any nt’K .k 
? nyiinn nbnon 

noKa nooonvman nnmon mo .a 
19.37 ars ?B flip* v’An man 
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yiap nP aia>o an ey nyon - r*v± «iia Po npoao - 19 paa 


r nomav naop npon Py <iaiPo Pan .30 
noo nponP naamon m nnooi 
*pa’nn capo .m nnooi R nomao 
noooni nPmn nponn \n >ooon 
F yiap nm Pann jin onoin .fi Nin 
19.38 nvs .nppnn nPP niPAPAno niponno *p 

Po nnpiiaa ,npPnn nPP PuPaP oiaA’o ’Po’oaon man mo .n 

?r pnaon 

?niponn Po aia»on pi>a mo .a 

1003 .x-n ano b pmoa N^oin ao> ipa v nyiap niamoa yi p’ppn .31 
tannn n’ONao aiopiin) pnynn aiopii noao iniN noon jin AA-a 

.At iota (p’pPnn nso 3 na nripjp 



yinn Nin L aoNa L/ 2 m-P nnoi yiap Nin AA/At >io>ano vnam 

.onnn n»oNaP on»a p»pPnn Po >n>iitn 
Po omai lm Po noo Pya PaPa .32 
amo ,(nnot aiarnn no» noo) 10 cm 
non .noo non an Po anNn non 
. 0 . 8 kg Po noo nn 3 io ann Po oon 
n>n>m niamoa PAPAn on o’aaioo 
.10 Rad/sec Po 
?na»p3n Po n>n>ntn niamon mo 
oNaa niio r lomao a>nN ana .33 
.R lomao ana >un nnano nyaA 
nPP noo PAPAnnP P>nno anon 

.npPnn 

19.41 -ivs ?anan Py o>Pyian nmian Pa ono .n 

a nonn Po nnpuaa anan Po noon taao niamoP oo»an mo .a 

?>a 3 Nn anni >yA>an 101pm pa 
?nyaAn 10 anan pnj> ia noitnmo .a 
N m ,iPo aia’on anP a>aoo ,>aoo>o <pA Po aonnn 03010 .34 

aaioa ,nppnn nPP PiAPAa ,nta <pA nnooo o>PaPao ,i=c-M-R 2 
naaiNo pirn on onaioi ,0010 omaAO a in>mo yaioo aiooo 

.ova Paa nyunn 

?nyunn yox pai <inn aanion 1300 naorn )>a aopP >io>an mo n 
?c n n niuoP na ooaoP inoo ^axn mo .a 
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ynp aw *»r* by nyiwi - t»ds «pA *ro np>»n - 19 p*« 


ttfTNwb mwt) 

v = 8 m/sec .A v=0 .3 w=5 Rad/sec .N .1 

L=4J-sec .7 L=6.67J-sec .A L = 12.57J-sec .3 L = 3.2J-sec .N .2 

L=3,369J-sec .1 L=5.24J*sec (II) L=9.95J-sec (I) .D 
L4=50.91 J-sec ; L3=33.59J-sec ; L2=32J-sec ; Li = 12J-sec .3 

t= 0 .} L=80J •sec .H .4 
33% .n Ek=15J N .6 r=0 .A I=36kg*m 2 .!l L=60J*sec .K .5 

w=4.84 Rad/sec (III) u=4.94Rad/sec (II) u>=4.9Rad/sec(I) .K .7 
AEk=~1.26J (III) AE K =-0.19J (II) AE K =-0.51J (I) 

4 ><) .8 

L=68J-sec(II) ;L=56J*sec (I) .A I=17kg-m 2 .1 I=14kg-m 2 H .9 
L=-l,095.28J-sec .A L=104.72 J-sec .1 L=120.43J-sec .N .10 

L=1304.72 J -sec 

7.37 >0 .11 

v = 1.48m/sec (3) v = 1.89m/sec (2) v=2.29m/sec (1) .K .12 

.nn>0 0.318 .1 

AE = -59S.875J .!l w=7.5Rad/sec .K .13 
T=13.07N .A a=6.53m/sec 2 .1 a=6.53 Rad/sec 2 .N .14 

v = 3.615 m/sec.T 

fi-2 *tg(a)/7 .A f=2-m-g-sin(a)/7 a=5‘g*sin(a)/7 .N .15 

v=ViO'•g , "h/7 .1 

W=6.57J .A w=l.68Rad/sec .1 L=20.94 J-sec .N .16 
F=3N .A AE k =- 0.15J .1 f’=8.89Hz .K .17 
w=3.46Rad/sec .A u>=3.37Rad/sec .!i u=3.14Rad/sec .K .18 
<*max=24.2° .1 w=l. 13Rad/sec .K .19 
t=622 sec .1 9-6.22 • 10 -2 Pad K .20 
u>=-2.58 Rad/sec (III) cj= 0.18Rad/sec (II) w=-1.2Rad/sec (I) .N .21 
w=-l. 38 Rad/sec (III) w=1.38 Rad/sec (II) uj= 0 (I) .n 

W=840J .A w=8 Rad/sec .1 w=2 Rad/sec .K .22 
a=m-g/[R-(m+M/2)].a a=m-g/(m+M/2) .K .23 
Q=38.8J .1 u>=6.06 Rad/sec .K .24 
W = 1.01-0.408/(4+r 2 ) .a u>=20.2/(4+r 2 ) .K .25 
T=6.53N .A a=65.3Rad/sec 2 .1 a=6.53m/sec 2 .K .26 

P "1 h max -25.3cm .A N = 1.46N .3 v = 1.24m/sec .K .27 
f=23.275N .A a=6.125Rad/sec 2 .1 a=0.49m/sec 2 .K .28 

v m =Vn.25-g-R .3 .x 7’m ’iip yin ,ji»a 3» n>A*iJ 2 < .k .29 

v M =-v / 0.1125-g-R 

liyvn pio oy .a F max =^- (M+m) -g-R/r .H .30 

0=2.8 Rad/sec .32 
amin=54° .3 v=VlO-g-R-(l-cos(a)/7 .3 .33 

t 2 yv n>ypA1Q3 h .3 h=0.5-[g-sin(a) 2 /(l+C)]-t 2 .K .34 
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»onnn naoi 


,nimt»a natmw aoinn ay anyP np^oonna ptn wkw a>oan toa ^anin) 
narmnn ya omm 03 >k o>9>yo aaoo ,a9on rm rioaa a>nno Kinv oaa 
on pa9 nt’Ka own ono ar>K aa a> ay .into Hiaa omn aioaa ,pa p>3i 

(o’Knon naojp miat>n v> may paaai ,on”\y 

jnptn .1 

.a 'iv nptnn Kapi n .o>oya n imya a aw naaana aia>p hid a" >ionn 
a 2 = aa :Kin ”yiam a” awoa 

a 3 = a a a :KW’n>w>ava a” 

DKyinn dhi oaaya n imya a nn amna *rmv lynwo a" a m >io>an 
vayya a aw n^aaoP nnr nKyinnw am .o’oy9 m uaaya >aain a-a amna 

:o>oya m+n 


^n. ^in — g^n+m 


>a 3 2 ■ 3 4 = 3 6 :nmvt 
:naiyn rmiKa 


a -a o’pano *p anKi o’oya n yayya a dm oPmow k>d niyowon >a 
.o>oya n-m uayya a iPaana mw iPnii .onaya m ioaya aaaio 

:nmvT 

:roaoa nprn na>na aw nai93n napn hk pa unain 


(3 •3). • (3-3 - 3-3)=(3 • 3 • 3 • 3 • 3 ■ 3) 


-st = a" 


— = a n a" m = a n+(_m) = a n_m :0”pH0V *p 

a m 

— = a n n = a 0 ruaw nnoon >9 ay tK n=m ok 

a" 

:pai l-a miw no’anw oa am aaK 


a° = 1 

.a aw iaya awp naa 
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1 UIIIIU fWwJ 


MyOOO IK .O’Oya n lOUya a DM a>33na K>n a” 'JV niyOOdno IIIPO 
a ao naaan K>n nKmnn .o’oya m ionya a" nK a’aana Kin (a n ) m no’an 

.d’ova n • m iosya 


(a n ) m = a"' m 


(5 *5*5) - (5-5-5) = (5 5 -5 -5 -5 -5) :>a (5 3 ) 2 = 5 e :nmn 

niaNO 

:am>a no wan mm ,o>Kan o»io>an nK VKoa .1 

^w~ (VI) (I ) 4 (v) % (IV) (52)6 (III) 24 42 (II) 42 (I) 


:o>Kan o»io>an nK yaon 

2^8 + 9^3 (m) (22>42)1/2 (n) (41/2.4.9.91/2)1/3 Q) 


.z 


*i\yy bv nipm .2 

na’naa oPaaioo aKO 0.00000028 ik 324,000,000 noaiaa d>aaoo 
pan onaoon nK o>Koao ok naana d’owa owyj o>aw>nn .nmapai 

.‘ivy aaoon ao mptn natya 
324 ,000 = 3.24-100,000 : ainaa p>w )\vao , aooa 

3.24 10 5 :ap>pa ainaa )n>w >an 

2 8 

0.00000028 = !0 ~ 000 ~ Q 0 0 = 2.8 io ~ 7 :>wn >io>ani 


naipin jik mna Kin >io>aa no>Knon aoy ao npi-nn nK kpkP owa aaa 

.noiaoyn 

nm n’liaoyn naipin ay paa’yn ik oyn jik ow ,aoyo am aaoon dK 
nun aa .naipia aKooo nnK mao ow ay aao anK aao naKoo nniK 
aoy ao nnK nprna naaana nPy nma -pay pai awya npiana mw 

.nmnn anon K>n aoy ao npi-nn 
noiaoyn naipan ay paa>yn ik oyn hk ow aw ,anKO )op aaoon dK 
pai aoya naaana mw naw aa .m>o> dyan , aao nnK aaw nniK nm 
o’awoo .io _1 -a naaana ik *wy ao nnK npt-na npiana i>ay nma -pay 


.nmnn aaoo ou>o K>n npr-nn .oaK ni’Ko po>o nnK mao ow ay 


2,360,000 10 2 :nmn >no anKa 
23,600 • io 4 :nmn yaaK anKa 
236 - io 6 :nmn oo anKa 

2.36 10 s :nmn niioo anKa 

2 . 


:Kin 236,000,000 aaoon aooa 
23,600,000-10 1 :nnK nnn anKa 
236,000 10 3 :nmn oiao anKa 
2,360 10 5 :nmn oon anKa 

23.6 io 7 :nmn yao anKa 

io 8 :K>n nasipon na>nan naiyo *ra 
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>oon» naoi 


0.0000034 • io -2 :nmn >nv anKP 
0.00034 IO -4 :nmn yaaK anKP 
0.034 io -6 :nmnvvanKP 

3.4 10~ 8 :niun nnov anKP 


:Kin 0.000000345 as>oon ,PvoP 
0.000000 34- io -1 :nnK nun anKP 
0.000034-10~ 3 :nmn viPv anKP 

0.0034-10' 5 :nmn von anKP 

0.34 • IO -7 :ninn yaw anKP 


3.4 - io -8 :n>n nainpon na>nan nam> *p 


JllpMV 

:o>Kan o»io>an nK avy Pw mptn Pv nam >/aina .3 
32,000 (V) 0.000023 (IV) 123,987 (III) 433.98 (II) 254 (I) 

:o»Kan o”io>an im yawn .4 
V2.9-10 4 (III) 4.5 10 s 1.5 10 4 (II) (2.34-IO 2 ) 2 (I) 

6 67•IO -11 ■6•IO 24 

—— ( 6 4 - ~ io 8 ) 2 - ^ :o>Kan d”io>an dm >/avn .5 

(6.63 IO " 34 ) 2 ( 1.6 IO 19 ) 2 ..... 910 9 (1.610- 19 ) 2 .... 

l(Fio U1U 0.53'-10 ” 10 - UI) 

jivjiivawo nnaa .3 

,oPnio pma aiaP nyn> ni’K >PKp’o>9 Pm Pv >nioan naoon *jayn 
10 a) .onoo *pyp onaAion o>aay a9oo on PPan pa o»K 2 i>n avKa 
noiyp .(** paaa 273.15°K nvnP naaAio o>on )iK9>p Pv naioaaoon 
*Tiaan pin >k v> a>oni ,iao>nP -pas aiKn niamo noAiaa *ray ,nKi- 
PaN ,2.99793 io 8 m/sec Kin aiKn niamoP ova Paipon *pyn .nanoa 
yn> o>k >n>OKn PaiAnw naoiK imr . o.ooooi io 8 m/sec Kin pmn >k 
2.99793 10 8 -0.00001-10 8 =2.99792-10 8 m/sec :)>a Kinv na>K KSOJ Kim 
2.99793-10 8 +0.00001 10 8 =2.99794• 10 8 m/sec :l»aP 
kP PaK ,niiai n>yao naiaya nvnaan mnon nm>AwP aP noivni nia>nr 
.o>kuoi nniK na rpo’oan aio’Pn noaa PPa n>naan 
o»PPa naooi nvniyovo maao Kapm Awioa vonvnP iiP’ava p >900 

.m avioo o>yaiin o>oiva 
.noon Pv pmn non n> Py aao’nP niPia’n m*i9on yi nvniyovo niaoo 
io niaaon aaoo Kin ,)iai nainaw nKmna nnniyovon niaaon aaoo 

.09K0 nnwv Pkovo nnvKan naaon 
na>nan nais . 3 Kin nnniyowon niaaon a900 0.00534 aaooa PvoP 
anv nam nnniyowon niaaon aaoo ok nKao 5.24 io 3 noiavyn 

.naiaa 

.onyowo Kin o9Kn oa >a nvmyowo niaao 4 w> 3.509 - io -6 aaooP 

anvoa anaj o9Kn »a nvniyovo ma90 4 p da w> 3.980 io 2 aaooP 

.3.98 - io 2 anai n»n nanK ,pmn nK vutnP 
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^yoffo moi 


,njw pvt not oy o’btA taoo bn pib’nt in nbttnt into tw>nt 
,nb9tot pmo mn9n ninnon ya tnv npmo nvnb nbit> Nb nNyinn 
.ntno n’nto bn pvtn not n> by ytpi noon bo pvtn 
noon ntno oob .mbAyo npon bo non nt>to ni noo by noAitb btnoi 
pnton) ibo tnvt roopn nmono bAto nttyt nponn bo toipn nN tnoi 
w>nb nbit’ Nb ntnon bo nNyinn .lmm Nin (onion o>np on i’t 
nvnb bit’ Kb D = 2.3 cm :boob N>n nNUinn pbi toob’oo tnv npoto 
ntnot i’ni too’b’o nin>oy nvno 4 nt9on >t D=2.34cm N’n nNyinno 
p nvmyonon mt 9 on >noi mmyooo nt90 ni’N pb 4 nt9’on .no pvt 
:onn tonot btpi noon nN’yob nnoot voty too on .3 -i 2 

s = tt R 2 = Tt-^I = 4.1547563 cm 2 
4 

?ntipin nnN nmo 7 bn Nbtion pvtn p’no 
n»jnnn niyono ffpn N>n btN ,onn tonot nNyinn vm .oipo omo 
nnN nt90 byt n’nn toipn ntno bn pvtn >9 by ,omtb oom nniNo 
S = 4.2 cm 2 :Nin ntipin nnN 

(*nniN utnn Nbi ntipin nnN nnN nt9’ob nNUinn nN obA’y) 

nbNot no tnv ioyy nN p’oynb *jny Nb o’b’Atn ptnnt poiyn t’obnn 
.tonon p900n niNyinn btt nio’no yiomb pt NbN ,nvniyonon nmon 


nott nNUinn tiN’nb mpnoo nvmyono mt90 mbnn nonb tn9N bbtt 

:vn’ pt bpnon niNyinn pb ntno pvt 
3.46 10" 2 ; 145 ; 23.5 ; 4.25 10 4 

nti-yt t>on tmtb on’9po on .nvmyono mt90 nibn oy o»io>t obit 
nnN nit90 >nni ntipm 09 b nnN nt90 :Nin bbtnn nn 10 bn mprn 

.tny bn mptn p tNnn bti ntipm 


mbNn 

:o>Ntn o»io’tt nvmyonon nit9on t900 mo .6 
3.456 10 4 (V) 5.2-10 _1 (IV) 4-10 _3 (III) 3.00 10 3 (II) 3.41(1) 
nN omtb *r>ty ty»t 3 Nin nvmyonon nmon t900n yn> on .7 

:o’Ntn o»io’tn 

0.0032456 (V) 132,456 (IV) 42.32456 (III) 351.3 (II) 32 (I) 

:o>Ntn ooinmn p nbtpnon nNyinn nN oint .8 


(3.54• 10 8 ) • (2.89765• 10 _1 ) .. . 
2.098-10 12 UU 


tt(0.000021) 2 -234 
53.490928 2 


(I) 


2.53-2.03 (IV) 


3.91-0.00798271 (III) 


2.342 

1.21 


(VI) 


3.234 + 2.1 (V) 
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n>oiio 31901 


JlimxbN J11KWO A 

'jv dP’o nat> (nnm >io i>d nuo p’o o’) nKiioo K>n undid* nKiioo 

tOI ,0’0*1U O’KIpl nd£DO ddd O’lIIOOni O’HIOOn .O’MIOOI 0n900 

.nnnood *id’K jiKipi nd9don 

nptnn ’d n’uian .*tmn odyid n’yidn nKiioo K’n 2x + 3x 2 = 3- 3x 
inK ninoo pi v’ ’d inn odin oyi ,noon nprnn *>n ninoon do rmidin 

.dd’K Kin 2-x-i o’onu dnx -12 .(x) 

nnoKd ndyoo .o’odyi ood nnoKi ndyoo nKiioo K>n 3 • x + 4 • y = 3 
d’lnoo oo o’ n o’odyi oodi .nnoKnn nptnn K>n nnmn nptnn ’d 

•(x,y) 


(niioKd ndyo) *tnK odyid 3ifiK nKiioo 4.1 
do *rnK *rud ksoi odyin id d^od nniK Knnd -jn:i nKiioo unad na 
.diiiK aond pm; onsoo d’aon ’ion p*i ’ion isai nnnoon 


2 • x = 2 - x 

3 • x = 2 



:nowan nKiioon dood 
:mm nna’na n> dy KdK ,ivui’ 9 d niii’i ni’K 

rnnnKdi 


:d’Kin o’ddan dn nKiiooa d”ii’o do o’ddan 


>*r»S ’300 *101110 IK *1011310 *>d’K 1311K OK nfl’pfl 311K03 OKIIOO .K 

.nKiioon 

:d’3AKn ood +x 3i9om nn»n nnoKin ndiyon unano noma 

2x + x = 2 - x + x 

3 x = 2 :t> *T9ino 


o’pdwo ik o’dodio ndo o’f'nin »30 ofc'&’pii 3 i*ikoi nnnoo 

o*mn i3iiKd 

| :3-d nKiioon ’9iK oo hk pdm ndo noma 

x = % :p* 


.a 


pdndi dnand ik ,nKiioon H’u nod ohik nondi nand amoo o’onxn 
(poKnn adoa x noma) oonoo nvnd o’dia’ nKiioon nn oo dk ond 

(’ion adoa 3 noma) d’*i900 ik 
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n mi m naoi 


JllbKW 

:Jl1K3n J11K1W03 X JIK ’/K20 
4 (3 + x) + 2 = 2 (x - 1) (II) 2 x + 3 = 3 x - 5 (I) 

= 2 (IV) m-x-2 + m = 3 m + 4mx (III) 


.9 


(novnbvo) *rnN obina win nKiwo 4.2 
*paynb b3 o*rip v> ,n>w nbyo3 m y>9io nniwon bo obym *wKb 
>wn <)AK3i <pKn w**3 1>n ’ on3>Kn b3o no <)AKb <)Ako nKiwo3 om>K 
-.73 ,pb nKiwon bo *ini>3 ii’bbbn n*mn .van n>n> 
a-x 2 + b-x + c = 0 

.obyin kid x-i o”b>bo ik o»3i>n o>yi3p on a,b,c *wk3 


x l,2 


-b ± Vb 2 - 4 -a -c 
2-a 


:nnom oonon jiiinn’9 oo o> it nKiwob 


jiPko 

rjiiKnn jiikiwo 3 x jik Vkso .10 
x 2 - 25 = 0 (III) x 2 - 4 - 3 -x = 0 (II) x 2 + 5 -x + 6 = 0 (I) 

l = -3-x-2-x 2 (V) x + 2 = x 2 (IV) 

x 2 + (x-1) 2 + 4 = (x + 1) 2 (VII) 6-x 2 - 20x = 30 - 10-x (VI) 


x-1 
2 x+2 


-fr (V,II) 


o>»byj >ioa mn/«i nbyon jukiwo >jw 4.3 
.omy jik Kisob >*td jukiwo >iw piH3 *r»*iy ,o’obyj >w o> noKD 
4-x + 2-y = 5 :(x,y) o>obyi >w o> fiiKon niKiwon >JW3 ,boob 

3-x - 5-y = 9 

K>n nnvo no wan Tnn .o’obyj 003 jukiwo ’no nnab o>o*it 3900 o’ 
.n>wn nKiwoo ihik orsnbi jiiKiwon nnKO o>obyin *rnK jik *rmb 
5 - 2 *v 

x = — j—^ :mwK*in nKiwono x jik ,ubo noxm 

5 — 2 • v 

3 —- 5-y = 0 :noon nKiwo3 300 


15 - 26-y = 0 :b3pn nKiwon jik *rroi 

y = 0.577 .IKDOI 

:ijiik urm 130 >io>3n p Kisob iway po oon obpn jik 


x = 


5 - 2-y 
4 


5 - 2-0.577 
4 


0.96 


x + 5-y = 6 
y + 5-x = 2 


(VI) 


JlibKO 

;jiiK3n niKiwon jmit3 o’obpn jik kso .11 


4-y 

3-y 


= x 

+ X = 


7 (III) 


X + y = 5 
2-x + y = 



4-x + 3-y 
3-x + 4-y 
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>oono r»at»3 


fl9>NVn .5 
(17 pu> *rv uo’Pn jin itovtP yi»i) 
1103N .<)103’Nn *1300 pPnP 11 ’Py 003 O’lp’DP 1900 l^ODI O’Ppn’l UPON 

:pn onoiN 

?romn no ”©9NP <)Ni© l/R ,<ii©j>nP <ini© R i©n3” 
.onPo mm n pip non nPi n©p a©io nio np’onnoi fpoi’N Pv a©ioo 
*tno pp Nin l/R tn *tno Pvta Nin R on” N>n nnnn jin>p*i 9 onmo 
i©nd .ini’ pp n>n> l/R ini’ Pvta R-© im ".win nmnP i©9Ni 
.l/R=0.0000001 tN R = 10,000,000 1©N3 IP’NI 1/R=0.01 R=100 
opn©i nPn im m win nmi© 09 P i/r P© *nyn nvnp *rns pp noo 

.nwmon 

jin p'. 7nP no© N»n ino Pm R i©np l/R ’loon Py ai©nP ninN mis 
npiPn Pn .o’oya rmn min win pPnP *r’iu ino Pm laooP l moon 
ppnn P© Piiao© no <iioi’NP mpno R on .ini’ pp pPn up ni’N©o 
.oo p’on mtyo pioo <iioj’n .oaNP mpno UP in©o© 
- = o :>ioon nN n’Pno’o mm owdP po ,oid’©P 

*1910 1/A VN 09NP *T9in A 1©N3” 09©00 Py 31IW13 09190 01120 
Pm o>o> l/A P© oonn© no ino pp A npo on© n’o onion .<yioi’NP 
*N A=0.01 ON .1’PN <p1J© ’91© ION ’lO’O Pi O’JTOP O’O’ p’JI INO 
. 1/A=100,000,000 tN A=0.0000001 ON ON* nQiyPl 1/A = 100 

I = „ :’i©nn on own n’Pnn’o mm 

0 00 


a JllPN© 

?< 11 © 1 ’NP ^N 1 © X 1 ©N 3 O’NOO 0 ’’ 1©’900 ION PPP y P© *Tiyn lOO .12 


5 2 100,000 

y = i + s (III) y = ~— 


(II) y = i (I) 


y= 


3 -x 
x+x 2 


+3 (VI) 



y = 


5 

x + 1 


(IV) 


c 



.6 

©IIAJI’9 ©9©»1 Jl’llt i©’ ©Pi©o 6.1 
iP© ni’iivno nnN© ©Pi©o nio non i©> ©Pi©o 
p oa on© nnoNO mono w© on© .90°-P on© 

.90°-P 

ypyn i’on N’ni m©’o noun Pio© yPsn N’n iji> 

,©Pl©D9 oPiiao 
:© iiAn >9 © 9 ©o nN o”po non i©’ ©Pi©o 


.niaoiin jnypsn »ji© ’yian oidoP on© m»n *jiin yian 


BC 2 = AB 2 + AC 2 
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anva otmaon Ji'wn aw> wPiwon 
o»pow 3,4,5 i>niy!nw wPiwon Kin 
4 3 2 + 4 2 = 5 2 :awpn nK 

ni^Nw 

?1 m *r*iiKn vniybu >nww n>nr aw> w!nwo bv anm *piK mo .13 
niyPsn nnK *piKi 10 iPw anm *piKw wPiwoa n>w>Pwn yp^n mo .14 

? 8 Kin 

Q'imi d>biyo 6.2 
.nnw nnK nnipio pnaow nmpi Pw <ioik Kin Piyo 
.Piyon oma Kapi oaon i>ai Piyoa nmpm ]>a nnwn pnaon 
Piyon aoip Kin Piyoa ni>m>p nmpi >nw pi pnaon 
.pa yon oim o»oyaP nnw PAyon aoip 


<lpm aoip tnna 

p’wo 

now 






d = 2 r :Kin aoipi 01 m i>a awpn 

s = 2 • 7T • r :K>n PAyon <ipmP nnoun 

A = 7r r 2 :K>n PAyo nowP nnoun 

.nniawyn n*ripm nnK nnoo Pw >aioi>K aaoo ok yiap aaoo Kin 7r 
:Kin ,noiawyn nmpm nnK nmwKan niaaon yaw oy ,aaoon 
■k - 3.1415927 

nPP nwyi aiwmni na>oa PaK , am> nm pma -k y>aio onn awnoa 
Tt « 3.14 raaipon aaooa wonwnP ino onn awno 


.nnw nnK naipio pnaow anaoa nmpi Pw <]oik Kin ana 
A = 4 -7r • r 2 :Kin anan naoyo now 

V = |-7rr 3 :anan nai 
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naoj 


)K>Ttf1 6.3 
(13 pifl *ry *n»>Pn jik mn*rP p>i) 
nmwtm p it m’noP ma’omo 360 ° -P PAyon pPmo >9*1100 piKo 
K»m PaoP o’yno kPk n>nnno nvKo PAyon Po npiPn no”p ,pp>yo 

.d'jnhi niKipin wmi iPv npiPnn 
,R iom*iv mvP:> PAyo Py Ponoi ok 
. 2it R Kin PAyon Pv i9p»m/ nn 




ninop PAyon Pw <ip>nn Py oinrn ok 
ioid> PAyon oi>*nP pirn mw p*iikv 
. moop 2 tt <p>nn PdP 

nnv nPw nopn *piKO 9>t3*ion n>iitn 
.p>*n ftKPpj PAyon oi>*nP 



9*noin unit P*m .jirthN o>P>oo ,ik 
P v nvpn tiik pa on>P mw ook>*t*o 
.PA yon om*u nPv n>t:non 9>iirn 


,27t Kin PAyon ooK>*nn ~>900 oa 2% Kin <p>nn ninvpn *i90ov poo 

:pp 


(271 rad) O’JN’Ti 2 % PAyoa 


:oPvn PAyon Po noitn ’9 Py ynpi ooh’tii 9 iPyo pn *wpn 
2 tt rad = 360° 
tt rad = 180° 

j rad = 90° 

:Kin oiPyoP o»iH>*noi o>ik>tiP niPyoo nyon ,>ppp piKn 

a (rad) = a (deg.)-^ 

a (rad) = a (deg.) 

1 rad = 57.3° :pP 

J11PKW 

:9iPyon nmnm niKon nviitn jik owru >/koo .15 
65° (V) 360° (IV) 90° (III) 0° (II) 30° (I) 
:ooK>*nn Jiiiinin .niKon nvinn hk mPyon ’/non .16 

0.6 (IV) 1 (III) 2 (II) 2-tt (I) 
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nwmmv) 


n’ramwio .7 

niyp^n omnm jin mynipn imspua p Jimoounnon imspuan 
dj’nv vPwon nviun jimn >a Py o’yipi o’t>n»n Pd .n>m *i\o’ wPwon 
: AABC wPiwod Panto nmvn nv^pnan on *i’*nnP >*td .n>m jvw> 



<BAC=a :n’mn N’n ni’upnan jin onmn nnmynw n’mn 

.n’mn Pio yPsn N’n bc yPsm ,n»mn r> pyv yp^n N>n ac yPsn pp 

rriNin mm nmio ©mon nojpua 


. , , Ji’mn Pio yPsn _ BC 


5111 VC*J — ""-- 

Pil’d ab 

1 v u « i - * 

:nNDn mm n*mio omtnpn mspiia 

cos(a) - n>mn ^ V** n - AC 


nn>n AB 

:nKin mm frmio tmjon wpm 

tc(n) - ftnwi _ BC 

6 n>mn *T’P ypyn ac 


yno ©Pwod nPmn yp^n *t’oji 

Nin *in»n\y ih»do 


.l-o ooop nvnP o’D”n cos(a) -i 
. tg(a) P\y 7*iyn Py dPdad yx nNt noiyp 


jiiPn© 

:d>NDn O’WpWOno ION PDD sin(a), cos(a), tg(a), a DDO 



.17 
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>oonn naoj 


BC 

sin(g) _ AB 
cos(a) AC 
AB 


BC 

AC 


mnoDiiunon nvapnan onvp 7.1 

.o'lwn o>*i\up >iv KraoP po urunv ni*mnn p 
:pyy nvmnn Py otnnn iwKin *wpn 

= tg(a) 


sin(a) 

cos(a) 


= tg(a) 


AB 2 = AC 2 + BC 2 


:o*mn>a oovo imyo ksoi >ivn *ivpn jik 


AB 2 _ AC 2 + BC? 
AB 2 AB 2 AB 2 



[sin(a)] 2 + [cos(a)] 2 = 1 


:AB 2 -o niKiwon >m> jik ppro 


:in 

rKsoi nmotrowwi nnWWH p 

:K’n oi*P dkt onnia ra misn 


sin 2 (a) + cos 2 (a) = 1 


,/3-n nniK po3\y vPivno n> 3 \yn n>mn ^y m way 'nvtm 
180°-P nnitn DH niaPy/o nvmn >nv 


B 



(3 = 90° - a :1K a + (3 = 90° :pp 

nvspiian *?v nrmro vojivj ok 
:topi ,nvmn ’n\y im*io»mnon 


sin (a) 


BC 

AB 


cos(/J) 


BC 

AB 


sin(a) = cos(/3) 


•*P* 


sin(a) = cos(90°-a) 


:ik 


cos(a) = 


AC 

AB 


• AC 

S '” W AB 


cos(a) = sin(/?) 


cos(a) - sin(90°-a) 


:miyn hjiiko 
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90°-o flrtm w»m/.2 


.nnoouunon n»sp3iQn jik v*rno to!) *t>*i 2 ,90°-o nbm n>m wnj 

:0 rmpn imov l7Avo nyj p rmpw n>jj 




:dk2d Dim mnoounnon npspiian tin mAJ 

sin (a) = -=- ; cos(a) = -=■ ; tg(a) = -==- 
OP OP QO 

y .nowKin rrmrP nnr miAnn 90°-o rwop n>mn yvxn 
miArP D*i3 ,nm n*i7Ann 90°-t> *i2A»o 
po»o ,x-n *i>^ .npPsn 'iv ooo>t»n 
^noooi >ivn nvrP ttaio ji>on*P 
fi>Y>N*P t7vo ,y-n *i*ui ,PPo ji>vk*P 
.PPv h>yw*P nnnoi >2i>n 
mPPvi m»ai>n ninjpJiQ pt> nPnpno 
.o>ji\yn o>y>mn ><P 
nPm nvrp nPi 2 > p>n tnvtnpn n> 2 pjia qai tm>t>n nmpjia qa mpo >32 

:p! 7 i -l-o noop iM 1-0 
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njttno now 


-1 < sin(a) < 1 
-I < cos(a) < 1 


:nnwn m»m -mm 'tv onnyn iw iron* in’i ^yan p 

sin(0°) = 0 ; cos(0°) = 1 
sin (90°) = 1 ; cos(90°) = 0 
sin(180°) = 0 ; cos(180°) = -1 
sin(270°) = -1 ; cos(270°) = 0 


90° 'tv Vnn v>) non Kin tmwpn n’spjisi oivon n^pjis Pw <n*n 

.(onon 


nK*U 013>0D J1’Sp313 <pA 

sin(a) 



:*p nx*o ou’tnpn n^piis <pA 

cos(a) 



.03K K>n nnnn *wk 3 nnjpusn 'jv *pyn vsiko o>Q*iAn yn !?nnn 0 
ow’tnpn <pA n>Ki ,sin(0°) = 0 >d on>sn ji>vh*i jin nmn t?o>t?n <pA 
.cos(o°) = l n xxQH'y nn\y nmrn *wk 3 oio>tnm Kin 
.d’s'iAn yn P*nn aw i>k 90°-i <pAn Pv nnnP vns 
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'vuiiu TwVJ 


---- f- 

onop nvm Po o>mn>p P.3 
(16 pin *rp *no>Pn on mn*rP ion) 
:(s° *ry *pvn) 7 no mop (a) 1 P 0 oinnn onNo omr no> 0 P 100 Py Pnotn 

c 

--- \« I ( 

A B 

Dp RP 

tg(a) = == :Kin D’mn OHIO sin (a) = = :Nin 0>1im OU’t? 

ppi ,AC -i AB oiyPsn pn P*nn nnnn pN *tno mop o>mno pvno ,Psn 

,o>mn tnAioi omtn on>o pn P*nn ram oa yn 


sin (a) « tg(a) :onop ni'lin 


P*nnn tg(i°) in sin(i°) t»nn norms o>nono ono N>n o>oyon oiyaonn 

.oninoyn nnipin nnn o>o>on moon Nin 

pn on’n N»n onNnnn n»iw ponoi ,o>w>rn ovmn on omm on 
tun pn Pm P*rnn pN pno) onop nvm Po nn>pn pin ,oimm oopn 

:Nnn mo’pn on nmnP (no> ipi nop 


rooNnnn ottoj nnnnon noop nvm Po mmpn 
sin(a) « tg(a) « a 


0*3*111 lUNblO ,JlPllp313 .8 

mnoo .onooo pn oiPon Nin npnvani npmonon o’nionn onoion nnN 
.non oa >n>o nnnnn voon oioa> poNnn >n>o on non >iPo ion 
. nPo >oPn onooon *rnNi nPo moo onooon ton Nnpi npmonan 
non nPo *rnN mooo on .nrn nr o»iPnn onooo no iPn moP ,np»tvan 
mspiia Nin nnrtNn Po oyon ,PooP .non Po mupiia Nino onoiN omN 

.nona otnnno nPon oion Po 
:o>nvT oiPon A>nnP pin onooo no pn oopn on 

I x I y I onooon no Po oooy Po nmt noNoon ,nPno 
I I I :onio o>nso oatmn 

y=f(x) ronooon no pn >PPn mooo nop oonooo ,n»^pna 

y :n>ovn nom onooon »noy pn nopn on onooo ,<pA 






>o»im nfloi 


v> ,o>3jwo yn onvp ikjP nnva jpmon ynn K>n n>spii9nv mini 
,yra\> .n>Q“i>n no»va np>ya ,nnnKn nio>va WD»to man ik pin’ omyaP 
,n“iani jiPkitoi msna *uii> aio hind oonvon i»av jniian o>03«Pw *pa 
ovP k>d <pAn Jiisn 'tv naooni oonvon i»a *ivpn yrr> h'p o’oyat? >3 
.mayoa >w>3 nya ontojn o>jiju mrya nr nvp vi 9 >n 

mo»* imp 8.1 

.(*iv> nvp oa K*ip3n) nKJPn *ivpn Kin o’jnvo yy njiva oivan nvpn 
nvp nn ,y-a ’Pirn njjivon nni x-a >Pn >jpan niJivon jik pto ok 

:nKan n’spnaa *mijio oojivon pa >*iK3P 


y = m>x + n 


.o’PPv ik o»ai>n (y-i x-a o»Pji K3) o’yiap on m.n nvKa 
m o*rpon Kin ipn 3\y 3 >ia>vn ,nv> ip Kin >*iKJPn nvpn 'tv >aK*un ammo 
.(x=0 => y=n) y-n a>s oy *pjimn mp3 Kin n o'rponi 
m yia>vn jik <pAn 71110 kiso 3 na 

(xi,yi);(x 2 ,y 2 ) :nnp3 >m> 3anto 
3aa o’pjin oonvon ov pa avpn 
yi=m-xi+n :p3i ,(x,y) nnp3n 
y 2 =m-x 2 +n 

:3ap3 nKiivno nKiwn noni ok 
y 2 -yi=m'X 2 - m-xi 

X! x 2 A m = ~~ :Kin <pAn 3 >i 9 ’v pp 

x 2~ x l 

m = :nn A -a imipy >jwa o>a*iyn yy vnann jik p03 ok 

(Ay) nmpiian niJivo noa I3>m ,n>sp 3 ian 'jv ’u>vn asp jik ttio yi9>wn 
,njn> 3m >i3>vn asp *p uiv 3m yia’vnv 3aa .(Ax) x 3v >u>v 3aa 

hi3kv 

>/ovnv ,on’3>a Jii’*m3’3n Jivspji9n >ax3 .now jivspua von 7>i93 .18 

:on3v yia>vn jik Vavni Jii>sp3ian jik 
y=x(V) y=4*x-3 (IV) y=7-2-x (III) y=4-x-x 2 (II) y=x+3 (I) 
ninvon Kin B-i n3Jin ninvon Kin A ona onp»o nyanK 7>393 .19 

.o’yiap on h,g,k *ivk3 ,’i3ji m3an 

A=B 2 -2-B (IV) A=g-h-| (III) A=^-h-B (II) A=^+k (I) 

?nK3P Kin *wpn OKn .k 
?<pAn yi9>v mo ,p K>n ’K naivnn ok .a 
?y—n n>s o3> pji>nn jmp3 mo ,p K>n ’K naivnn ok .a 
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n>DDD flOVJ 


!7D yv o’aaxn dk >/ooav .x-i y V 2 niawpon niKPao 3 *T’iaP .20 
.cpAn yia>v dk >/avn ,o»aKi’Pn onvpn >aAP .niKPaon 

(I) (II) (III) 


X 

y 

1 

2 

2 

4 

3 

8 

4 

16 

5 

32 


X 

y 

1 

2 

2 

3 

3 

4 

4 

5 

5 

_ 1 

6 


X 

y 

1 

2 

2 

4 

3 

6 

4 

8 

5 

10 


mnn .9 

PaK ,n>aKi’P nmpiiaa map Kin n’upnan >uny asp hk man ma’vn 

.nanK rvapnaa naipiP naipio ninvo 
Py (x 2 ,y 2 )-i (xi.yi) maipi mw Pyi pnwPa rpapua ikhod <pA Py Panto 
n>apnan >u>\y aspp “non Kin Q-i P maipin hk aanon av>n ipn .<pAn 
y nmwon >ii>v Tin (Ay) maipin >nv pa 

aao ii>k im ,PaK .(Ax) nPn >nPan 
naipia ik x t naipia n>apnan >u>vP 
kPk ,on>i»a yuoKn naipia kP oai x 2 
na .maipin >n\y pa ymoon >u>\yp pa 
ia>Pv nn”it>o naipia >u>iy aap KiaoP 
□mio uniK ia\y Ax yopn nK popnP 
.Ay mapnan >ii>iy hk 
ksoi ,oaKP <iky» Ax yopn atma pa 
.x naipia ni’wn hk 
pa aom ipn *pan> ,n>aooiK>A ni>nao 
(nnK naipiP iaan>v) Q-i P maipin 
.naipia ipP p>woP 

limit) Piaxa” nmyooow lim io>oa tPiooo oanP na>Kiyn a>Pnn nn 

Aj: —» 0 ' 

o>Kaip naipia mapiian >u>y> aupp .»oaKP <)kiw Ax avma (mPAiKa 
nampon naiun main >n\ya nniK tPiooo .naipia mnpnan P\y naiAin 
(namn myov/o dk aKo ano o>nawv ir nama pao>nn) y’ K>n anva 

kP mtv p>yp >aa A niKn jik na’Pno d niKn avwa) ^ :K>n n>i\yn naiani 

.naipia nawi kPk nuw maipi >mua o>aay >i\y pa waan 

.x >aP y py nam nPiya >nit >a ~ (y) :7a ana>nP *r>ay n>n yo>on 



Xi x 2 


M —■—► 

Ax 
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’ooiio naoi 



lim 

Ax -> 


Ay 

oAx 


:p^ ,Hin mwoi no>an 


n>2Jp3ion yv namn hn avro .*rPnnn tin i»anV no w»n noxn ay aanto 

.y=x 2 

fiPvn mo x-a win pto .Ax ntd p>3>a tnannv nmpi »nv ay aanoi 

.x+Ax-a 

y(x) = x 2 :nid nmpin >nva nnrpiian -py 

y(x+Ax) = (x+Ax) 2 

:Nin nnpiian nay yn ynann 

Ay = y(x+Ax) - y(x) = (x+Ax) 2 - x 2 = x 2 + 2-x-Ax + Ax 2 - x 2 


Ay =T*x-Ax +Ax 2 


y’ = 


lim 

Ax -> 


Ay = 

oAx 


lim 

Ax —> 0 


2'X-Ax + Ax 2 
Ax 


lim (2-x + Ax) 

Az-> o 


:N’n mmn 


y’ = 2 - x :o>aapoi Ax=0 *jayn nN onno aw>na panNn aava 

aaa x 2 n>yp3ian a\y namn an naNTion (y-2x) nnpaiaa >w>a uaa>p 
umsov n>yp3i9a anu nonoo n*npja yi9>v> a\una n^ai on .rmpTi naipj 
ipn yi9>v ia»n) <pxn yi9>v x=3 naipia ,a\uoa .ntipjn aw *jayn tin 

.y=2-x=2-3=6 :Nin (naipja p>won 
*l>ann .monon morp3i9 aw mam aw mNjnn aaoo way jNa raai 
,y=x 2 nnpjna o>wyw *panna non -pann Nin mamn aa aw aiw’nn 


y(x) 

y’(x) 

a=yiap 

0 

l 

l 

X 

X 2 

x n 

n-x”" 1 

cos(x) 

-sin(x) 

e ax 

a *e ax 


y(x) 

y’(x) 

X 2 

2x 


1 

2-v/x 



e x 

e x 

ln(ax) 

1 

X 


y(x) 

y’(x) 

X 

1 

l 

2 

X 2 

"F 

sin(x) 

cos(x) 

cos(ax) 

-a-sin(ax) 

ln(x) 

1 

X 

-— 
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nmra navi 


fllpKV 

yianyn dki ,mwin dm >/avn niKan nmjpjian vono nnn Pa >axP .21 

:x=l nupia 

y= i | 5 (V) y=3x 2 +2x(IV) y=sin(5x) (III) y=4x 2 (II) y=4x+l(I) 

b*w\?i’Nn .11 

N>n f (x) n>sp3ian ok ,P*uoi>Kn nPiya K>n jntiin nPiyaP naiann nPiyan 
f (x) = :I(x) n’apjian Piy nnum 

.f (x) Pv P*uo3>xn kid Kx) ,*pann in>aa ,«< 
J dx -a jonioo P*uw>Kn nPiya nn ^ -a hjoioo mum nPiyaiy ioa 

I(x) = J f (x) dx :ainai f Pw Pnoj’Kn Km i-v amaP na ,pPi 

in>a Paxoi’Kn npiyaaw iivao "onoa >nPa Piaopk” K*ipi nr P*uoj>k 

(oaKP nn\y yiap Pv mum >a) yiap <ptnnP -pan 
:K*ih flWVfooi’Kn >*inf(x)=2-x :K>nf(x) nnjpnan ok ,PiyeP 

I(x) = J 2-x dx = x 2 + C 

ovn na’Kni 2-x p> pitman *ia>Kn rK ,l(x) nmpiian hk *wm ok >a 

:d^y> 

T = S'* 2 ) " S [CI = 2 -* - 0 = 2-x = f(x) 

*T>Pnn .Jiianoa nvupjia Pv o>P*ixo3>k Pw niK^in naoa i>Y/ay ^Ka ran 
.f(x)=x 2 n>up3iaP i3>vvv f»PnnP nan T’Pnn Kin mmm Pa Pv aivmn 


f(x) I(x)= j f(x) dx 

f(x) I(x)=Jf(x)dx 

f(x) I(x) = J f(x) dx 

0 C 

a=yiap ax+C 

x |- + C 

Y 3 

x 2 y +c 

\ ln(x)+C 

4 --+c 

X 2 X 

■v/x |-x 3/2 +C 

4= 2-yfx+C 

Vx 

Y n+1 

x"(n*-l) ^-r+c 

sin(x) -cos(x)+C 

sin(ax) -i-cos(ax)+C 

3 

cos(x) sin(x)+C 

cos(ax) i-sin(ax)+C 

3 

e x e x +C 

ln(x) x-ln(x)-x+C 




n>nn» navi 


JtftNV 

:niKnn nvspnano nnK Pd Pw ,x >aP ,o>ioo KPn P*noi>Kn mo .22 
y=5*x 3 +5 (V) y=^(IV) y=5-sin(4x) (III) y=4x (II) y=5 (I) 


f(x) 



T t " i .r i 1.r 


ok .n>9*u niyovo v> P*n\5i>KP 
f(x) Pv <i*ya f(x) n>spiia Dn»so 
nnno kiPdh novn tK ,x P v mspnaD 
noiyn o>m) b-i a nnipm yn <pAP 
ompm ,x-n vs ,n>ypnan )>d kiPdd 
0»>10»n PlAOl’KP mw (x=b-1 x=a 
.mPmn >iv i»a 




o-f 


f (x) dx 


idkdd n*im djidi o»iwd Pdaoi’k 


>nPnn Pdaoi’ko nm9 b mipn onoo ’nPan P*noi’Kn k>d miyovoi 

:a rmpio o>roo 

= / f(x) dx = 1(b) - 1(a) 


D - 

Ja 


o»wn mPnn P*noi’Kn Pv o>D*iyn vd «nan Km onoon Ppaoi>K7w pi>DD 
.Pcano o«wd >nPDn Pdaoi’kP <pnv ynpn Pinn .nvnpi ’n\w 

f(x) 

*rns <ynp nnnow nown dk kisoP nD 
Pd ,o’dd o’idPo Pyj no\yn dk nwnP 
ddiad mnni Ax Pinn o>tn oy *mK 
O’ODD Pin *WKD pD ,n*T1plD n’Splian 
inn >n’QKD novm PDpnn odkP <ikw 

.Pdaoi>kh 



rb ^ 

D= / f(x) dx = lim V/(x f ) AX/ 
Ja ax i 0 


Ax 


hiPkv 

?2-i l i>d o»ioan Pdadi’Kd mo ,niKDn nvspnan p nnK Pd >daP .23 

l 







2 (VI) 3~ 4 (V) 2 4 (IV) 5 12 (III) 2 7 (II) 2 4 (I) .1 

13,122 (III) 8 (II) 6 (I) .2 

1.23897-10 5 (III) 4.3398-10 2 (II) 2.54-10 2 (I) .3 

3.2-10 4 (V) 2.3-10- 5 (IV) 
1.703-10 2 (III) 6.7510 1 (II) 5.4756-10 4 (I) .4 

1.12510 94 (III) 4.347-10- 18 (II) 9.77(1) .5 

4 (V) 2 (IV) 1 (III) 3 (II) 3 (I) .6 

3.25-10 -3 (V) 1.32 -10 5 (IV) 42.3(111) 3.51 • 10 2 (II) 32.0(1) .7 

0.50 (IV) 3.90 (111) 4.89-10' 5 (II) l.l-lO' 10 (I) .8 

1.94 (VI) 5.3 (V) 

x=3 (IV) x=-l (III) x=-8 (II) x=8 (I) .9 

Xi=5 ; x 2 =-5 (III) xi=4 ; x 2 =-l (II) Xj=-2 ; x 2 =-3 (I) .10 

Xi=-0.5 ; x 2 =-l (V) xi=2 ; x 2 =-l (IV) 
x=-1.67 (VIII) Xi. 2 =2 (VII) Xi=6.64 ; x 2 =-1.55 (VI) 

x=2 ; y=3 (II) x=0 ; y=2 (I) .11 

x=0.167 ; y=0.167 (IV) x=4 ; y=l (III) 
y-> 2/5 (III) y-> 0 (II) y-^O(I) .12 

y->3 (VI) y->4/5 (V) y-0 (IV) 

s/2 .13 

6 .14 

1.13 Rad (V) 27r Rad (IV) tt/ 2 Rad (III) 0(11) tt/ 6 Rad (I) .15 

34.38° (IV) 57.3° (III) 90° (II) 360° (I) .16 

sin(a)=0.5 ; cos(a)=0.866 ; tg(a)=0.577 ; a=30° (I) .17 

sin(a)=0.8 ; cos(a)=0.6 ; tg(a) = 1.33 ; a=53.13° (II) 
sin(a)=0.5 ; cos(a)=0.866 ; tg(a)=0.577 ; a=30° (III) 
m=l (V) m=4 (IV) m=-2 (III) nioP H'x (II) m=l (I) .18 

A=g/h 2 .A m=-h .i p .N (II) A=k .X m=h/g .n p .K (I) .19 

H'? .H (IV) H 1 ? .K (III) 

nNJp H'J (III) m=l (II) m=2 (I) .20 

y’=8-x ; m(x=l)=8 (II) y’=4 ; m(x=l)=4 (I) .21 

y’=5-cos(5-x) ; m(x=l) = 1.42 (III) 
y’=6-x+2 ; m(x=l)=8 (IV) 

y= ( x+5) a ; m ( x =l)=-0.055 (V) 

I=-|-cos(4-x)+C (III) I=2-x 2 +C (II) I=5-x+C (I) .22 

I=|x 4 +5-x+C (V) I=-|+C (IV) 

1=0 (V) 1=7.33 (IV) 1=0.69 (III) 1=11 (II) 1=6 (I) .23 
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